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Lead has a lot to say 
about your gasoline 


ROBABLY you never realized 

what a necessary business the petro- 
leum industry is until, one dark night, 
the old bus wheezed to a stop and you 
had to walk the traditional weary miles 
to the nearest gas station. 

Right there, as the pump gurgled out 
the precious liquid, you should have 
raised your hat in silent tribute to— 
Lead. But you didn’t know what a good 
bit of service lead was doing you. 

Lead has found itself several essen- 
tial jobs in the petroleum industry. 

In the first place, oil wells often give out 

more water than oil. 
The most economical 
way to shut off the 
flow of water isto drop 
aplugof EAGLE Lead 
Wool into the bottom 
of the well. Pressure 
pounds the lead wool 
into every water crev- 
ice and stops the flow 
at once. 

Then, too, lead is 


much used in the oil fields. 

Once out of the wells, petroleum has 
to be refined before you can get the oil 
or the gasoline you need. During the re- 
fining process lead has some more work 
to do. Sulphuric acid is used to treat the 
oils, and lead lines the tanks, the pipes 
and valves through which the fiery acid 
passes, After the acid has done its work, 
lead, in the form of lead monoxide, ex- 
tracts the sulphur compounds, and leaves 
the refined oils free from impurities. 

In practically every modern industry 
lead is at work, just as in the petroleum 

industry. Productive 
research in the Eagle- 
Picher institution is 
constantly on the watch 
for new uses for lead. 
Tomorrow, when in- 
dustry’s developing 
processes require new 
services from lead, Ea- 


to supply the need. 
The uses of lead in 
modern industry, in 


wil J | gle-Picher will be ready 


the basis of EAGLE irae 
Rope Socket Metal, eS 
scientifically devel- “eat 
oped alloy used for | — } 
socketing wire rope, acne? 


modern life, are many 


y 4 and interesting. Send 
for your free copy of 


the Lead Tree. 


The EAGLE-PICHER LEAD COMPANY : 134 North La Salle Street - Chicago 


EAGLE-PICHER 


| Producers of Lead and Allied Products | 


Sales Offices 
CINCINNATI CLEVELAND PITTSBURGH PHILADELPHIA NEW YORK MINNEAPOLIS 
BOSTON BUFFALO DETROIT BALTIMORE NEW ORLEANS KANSAS CITY ST. LOUIS JOPLIN 
Manufacturing Plants 


CINCINNATI NEWARK,N.J. GALENA, KAS, HENRYETTA, OKLA, PICHER,OKLA. CHICAGO 
EAST ST. LOUIS, ILL, ARGO, ILL. JOPLIN, MO, HILLSBORO, ILL, ONTARIO, OKLA. 
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Saving over 
$90,000 per year 
for the 

New York 


Steam Corp. 
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6 fee: load at the New York Steam Corporation’s plant recently reached 
a point at which the company’s engineers had to either force the 
existing boilers far beyond their efficient operating range or else install 
additional equipment. 







New boilers would have required a heavy investment in expensive land and 
anew building. It was therefore decided to install economizers. A study 
of the existing conditions immediately revealed one of the outstanding 
advantages of Foster design, for no other economizers could have been 
installed in the space available in the plant without extensive building 
alterations. 














Twelve Foster Economizers are now enabling the boilers in this plant to 
meet the steam demand at a higher efficiency that is effecting an annual 
fuel saving of about $90,000. Furthermore, an initial saving of about 
$40,000 was made under the cost of new boilers with the necessary land 
and buildings. 









Here, as in many other installations all over the country, Foster Econo- 
mizers are proving a mighty profitable investment. 


POWER SPECIALTY COMPANY, 111 Broadway, New York 


Foster Superheaters, Economizers, Oil Heaters and Water-cooled Furnaces 
Boston, Philadelphia, Pittsburgh, Cleveland, Detroit, Chicago, Milwaukee, 


Kansas City, Denver, Dallas, Los Angeles, San Francisco 


FOSTER 


Con pleale Countereurrent 
ECONOM IZER 
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Standardized Concrete 


This illustration of the Koehring 
escapement type batch meter 
shows the method by which the 
discharge chute is automatically 
locked as soon as the charge enters 
the drum. The discharge chute 
cannot be moved until the regu- 
lated mixing time has elapsed, when 
it automatically releases the dis- 
charge lever and signals the fact 
with a bell. The meter also registers 
each batch that enters the drum. 


Patent Nos. 
1,321,460; 1,282,558, 1,338,761. 





bow Koehring Company long ago foresaw 
the value of standardizing concrete,— 
foresaw and provided for it before the tre- 
mendous volume used in constructing roads 
and permanent structures made standard- 
ized concrete a vital necessity. 


One of the most important means of in- 
suring a uniform strength and quality of 
concrete is the Koehring Batch Meter,—a 
positive means for timing each batch and 
measuring the thoroughness of mix. This 
device, upon being set for the specified mix- 
ing period, automatically locks the discharge 
chute as soon as the drum receives the 
materials; the discharge chute cannot then 
be operated until the full specified mixing 
time has elapsed. 


Every state highway department requires, 
in its specifications for concrete highway 
construction, the use of batch meters. This 


KOEHRING 





Koehring development is an integral unit 
on practically every paving mixer today,—a 
Koehring contribution to the industry. 


The Koehring mixer, with the Koehring 
batch meter, Koehring five action re-mix- 
ing principle, and the Koehring automatic 
water measuring tank, provides the most 
positive mechanical means yet developed 
for producing standardized concrete of un- 
varying uniformity. 


COMPANY 


PAVERS, MIXERS—GASOLINE SHOVELS, CRANES. DRAGLINES 
MILWAUKEE, WISCONSIN 
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“Sandhogs” Are Working In Japan 


Pneumatic caissons and the men 
who work under air pressure with- 
in them—called ““Sandhogs’’—have 
been introduced into Japan by The 
Foundation Company. 


As a result of the great earthquakes in 
1923, and to avoid future destruction 
should they recur, unusual forms of con- 
struction are being used in Japan. 


The Capital, Tokyo, like Venice, has a 
maze of waterways and many bridges span 
them. In the building of new bridges over 
the Sumida River, which divides the city, 
construction under air pressure was neces- 
sary to reach stable foundations. 


Importing modern pneumatic equipment 
from America, the Japanese, under the 
supervision of Engineers of The Founda- 
tion Company, have built the new bridge 
piers. 


The laying of a cutting edge of a caisson; 
the launching of one; and the installation 
of pneumatic equipment are shown in the 
views. 


Foundations are but one of many 
types of structures built by this or- 
ganization. 


THE FOUNDATION COMPANY 


CITY OF NEW YORK 


Office Buildings + Industrial Plants . Warehouses + Railroads and Terminals + Foundations 

Underpinning «. Filtrationand Sewage Plants +. Hydro-Electric Developments . Power Houses 

Highways +» River and Harbor Developments . Bridges and Bridge Piers . Mine Shafts and Tunnels 
ATLANTA SAN FRANCISCO MEXICO CITY LONDON, ENGLAND 


PITTSBURGH LOS ANGELES LIMA, PERU BRUSSELS, BELGIUM 
CHICAGO MONTREAL, CANADA CARTAGENA, COLOMBIA TOKYO, JAPAN 


BUILDERS OF SUPERSTRUCTURES AS WELL AS SUBSTRUCTURES 
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Only in 


Only Timken Tapered Roller Bearings have 
the two-spot contact of rolls and rib which 
assures positive roll alignment. 


Only Timken Tapered Roller Bearings have 
the unit-stamped precision cage which virtu- 
ally floats, since its only function is spacing— 
not aligning—the rolls. 


Only Timken Tapered Roller Bearings are 
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Timkens 


made of special Timken electric furnace 
steel from the Timken steel mill. 


Special alloy, special processes, special ma- 
chinery, and special design pursued to its 
ultimate development are advantages 
made possible by Timken resources. 


THE TIMKEN ROLLER BEARING CO. 
Come a SF oe oo 2-24 ©@ 





The Timken Engineering Journal consists 
of 110 pages of engineering material, in- 
cluding bearing tables, recommendations for 
bearing applications and other authentic, 
informative material. Copies are available 
for faculty members requesting them. 
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STEAM AND WATER POWER 
PLANTS 


A INDICATES ENGINEERING AND CONSTRUCTION WORK OF STONE & WEBSTER, INC. 


HE total steam generating capacity of the light and 

power industry of the country reported by ELEC- 
TRICAL WORLD for 1925, from data collected by the 
U.S. Geological Survey and the U. S. Census Bureau, was 
17,950,000 horse power. The total steam generating 
capacity designed and installed or under construction by 
Stone & Webster is 1,680,000 horse power. The corre- 
sponding total water power generating capacities are 
8,500,000 horse power and 1,020,000 horse power. 
The combined totals of steam and water power for the coun- 
try is 26,450,000 horse power and for Stone & Webster 
construction 2,700,000 horse power. Can we help you in 


planning new plants or extensions? 





STONE & WEBSTER 


INCORPORATED 


\ DESIGN: BUILD 
\ OPERATE 
\ FINANCE 4 
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PLANTS 
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X-Rays 


An outline of the characteristics of X-radiation which make possible its application 
in a practical way to scientific and industrial problems 


HE important part which re- 
| search plays in scientific and in- 


dustrial development can hardly 
be overestimated. From one point 
of view at least, research consists of 
obtaining all possible information 
about a particular subject and arrang- 
ing and tabulating this information in 
such a fashion that it will be of use. 
To be really valuable, a piece of 
research shoud be complete and to 
this end, the research worker should 
be familiar with all of the methods of 
obtaining information about his partic- 
ular subject and be able to apply these 
methods in an intelligent manner. It 
is also important that the limitations 
of the methods be realized so that a 
loss of time and expense may be 
avoided. This paper is concerned 
with a type of radiation commonly re- 
ferred to as “X-rays” which has re- 
cently found wide use as a research 
tool in the study of many technical 
and industrial problems. 

The general subject of the applica- 
tion of X-rays has no very satisfac- 
tory title. The term radiology has 
been used to quite an extent and for 
lack of a better, will be used in this 
instance. Radiology seems to have 
made for itself a definite place among 
the other tools which the research 
workers employ.- Although X-rays 
have only been known for about thirty 
years and their nature understood for 
something like half of that time, radi- 
ology has been developed to a remark- 
able degree and this development has 
been assisted by some of the foremost 
scientific men of modern times. The 
subject is of such fascinating interest 
that it is not surprising that so many 
people have become interested in it. 

X-radiation possesses some proper- 


By Joun T. Norton, 718 


Assistant Professor of Physics, Massachusetts 
Institute of Technology 


ties which are peculiar to itself and it 
is these properties which make possi- 
ble its use as a research tool. It will 
not be out of place, perhaps, to say 
a few words about the nature of 
X-radiation and some of its properties. 

In many ways, X-radiation is simi- 
lar to ordinary light. The physicist 
is accustomed to think of light as a 
radiation by means of which energy is 


This article is the first of several by 
Professor Norton which will cover this 
new and rapidly growing scientific devel- 
opment. This first article is an intro- 
duction to the X-rays themselves, ex- 


plaining their nature and properties. 
The next article, to appear m the 
November issue will take up one of the 
uses of X-rays; their employment for 
the purpose of identifying materials. 





transferred from one point to another 
in space. This transfer takes place 
with a definite measurable velocity 
and there is associated with the radia- 
tion a definite periodicity or frequency. 
The radiation is unquestionably of an 
electromagnetic sort but the exact 
nature of the process by which this 
transfer of energy takes place is the 
subject of much spirited controversy. 
X-radiation differs from ordinary light 
only in the matter of frequency, the 
frequency which is associated with 
light being very»much lower than of 
the X-rays. is difference is anal- 
ogous to the difference between two 
musical notes several octaves apart. 
The frequency of the X-radiation is 
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so high that the mechanism of the eye 
cannot respond and hence we cannot 
see it as we can visible light, but there 
are other ways of detecting it. This 
is again analogous to a sound which 
is of too high a pitch for the ear to 
detect. 

It is interesting to observe the way 
in which the various kinds of electro- 
magnetic radiation are related. It is 
found that if they are grouped accord- 
ing to their wavelength that they form 
an almost continuous series from the 
longest electric waves to the shortest 
gamma rays and that the various re- 
gions merge into one another in a con- 
tinuous fashion. This is known as the 
electromagnetic spectrum. One of the 
striking features is that of the some 
sixty octaves of radiation, the eye is 
sensitive to only about one. The 
regions between the electric and infra- 
red and between the ultra-violet and 
X-rays have been very difficult of in- 
vestigation because the ordinary meth- 
ods have been found not to apply 
directly but by modification and im- 
provement, these gaps have been 
gradually filled until at present the 
whole spectrum is complete. 

The properties of this type of radia- 
tion are rather interesting. The radia- 
tion travels with the velocity of light 
which is about 186000 miles a second. 
Just as there are different colors of 
visible light and different wavelengths 
of the electric. waves used for radio 
transmission, so are there different 
frequencies or wavelengths of X-rays. 
As they are commonly employed, the 
wavelengths extend over a range from 
01 to 1.0 Angstrom units, one of 
these units being equal to a hundred 
millionth of a centimeter. This is an 

(Continued on page 190) 
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Engineering and Human Progress 








The advances of the Ss fifty years bring their responsibilities as well as 


HE past fifty years have been 

the most notable on record as 

far as engineering achievements 

are concerned. During these years, 

the engineering profession rose in dig- 

nity and importance as people realized 

that engineering is a profession of 

creation and construction, of stimula- 

tion of human effort and accomplish- 
ment. 

Engineering has demonstrated that 
the most efficient way to utilize man’s 
capacity for work is to allow him by 
his skill and knowledge to direct and 
control machinery by which work is 
performed. It has been estimated 
that in this country about seven 
mechanical horse power, the equiva- 
lent of more than 100 human slaves, 
are available per capita of our popula- 
tion to do for us the work of drudg- 
ery. This enormous strength of ours 
in the form of mechanical power 
has stimulated industrial development 
and has utterly changed the conditions 
of human life. 

Engineering has contributed greatly 
during. the past fifty years to the de- 
velopment of electricity so that we are 
able to see into the night by electric 
light, to communicate with others by 
telephone, telegraph and radio, to see 
the world in moving pictures, to ex- 
plore the human body by X-rays, and 
to travel great distances by electric 
traction. 

The first electric central station in 
this country was started in September 
1882, or about 43 years ago. At 
present the electric generating stations 
represent an investment of over six 
and one-half billion dollars, are serving 
over seventeen million customers and 
have an annual revenue of over 1,500 
million dollars. 

The telephone which was unknown 
fifty years ago is now used in this 
country for sending over sixty million 
messages daily. About sixteen mil- 
lion telephones are in use, or about one 
telephone for every seven inhabitants 
of the United States of America. 

Radio was unknown even twenty- 
five years ago, but at present over 400 
million dollars of radio equipment is 
being sold the U. S. A. per year. 
The amount spent for radio per 
year is about one-third that spent for 
furniture or about one-fourth that 
spent for boots and shoes. Radio 
business has increased more than ten 


fold since 1921. 





their advantages 


By A. A. Porrer 
Dean of the School of Engineering, 
Purdue University 


Improvements in transportation are 
making our raw materials and our 
manufactured products more access- 
ible, are shortening open spaces, are 
improving life in many inaccessible 
places, are bringing communities with- 
in social and commercial range of each 
other, and are greatly responsible for 
the stability of our government. 





This article was composed from the 
substance of a very interesting talk given 
to the class of ’26 last spring under the 
auspices of the Mechanical Engineering 
Society. Because it summarizes the en- 
gineering development of the last half 
century, points towards the future, and 
explains the mission of the engineer, we 
feel that Mr. Potter's article is es- 
pecially suited for the fall number of 
The Tech Engineering News. 
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Fifty years ago there were no 
electric railways. At the present 
time, the steam railroad mileage of 
260,000 miles is supplemented by 
about 44,000 miles of electric railway 
mileage. These electric railways have 
a record of about two billion passen- 
ger miles per year in addition to the 
47 billion passenger miles per year 
on record for the steam railroads. 

The automobile was unknown fifty 
years ago. At the present time, 
about 18 million automobiles enable 
every other family in the U. S. A. to 
travel in any direction at any time 
and at any speed. These American 
automobiles cover a distance which is 
equivalent to the circling of the globe 
more than twenty thousand times 
daily, consume annually over six bil- 
lion gallons of gasoline and 600 mil- 
lion pounds of rubber, and necessitate 
an annual expenditure of nearly 1 1-2 
billion dollars for the construction and 
maintenance of passable roads in every 
part of the country. 

Fifty years ago, our manufac- 
turing establishments produced the 
coarser materials which were turned 
into useful articles in European indus- 
tries. At present the United States 

f America is the greatest manufac- 
turing nation inith® world. Our 
300,000 manufacturihe establishments 
represent a capital investment of 
about 45 billion dollars and their 
products are valued at about sixty 
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billion dollars. In these industries 
about nine million people are em- 
ployed who receive annually about 
10 1-2 billion dollars in wages. Each 
American factory worker has 3 1-2 
mechanical horse power, equivalent to 
about 70 human slaves, to supple- 
ment his labor. With this amount be- 
hind him, he produces more goods, 
commands higher wages and _ lives 
better than any workers in the world. 
The enlarged production per worker 
which has resulted in increasing the 
wealth and physical well being of our 
people may be considered among the 
chief contributions of engineering. 

Electrical energy to a constantly in- 
creasing extent is being used for turn- 
ing the wheels of American industry. 
The adoption of the electric drive in 
industry is going on with great ra- 
pidity. Motors with widely varied 
characteristics are being built in sizes 
and speeds to suit all types of indus- 
try. The manufacturer can purchase 
a fractional horse power motor as 
small as one three-hundredth of a 
horse power or as large as 20,000 
horse power. Electric motors are 
available in speeds as low as i00 revo- 
lutions per minute for. wood working 
machines. About 34 billion kilowatt- 
hours of electrical energy per year is 
used for power in the industrial plants 
of the United States of America. Of 
this, about two-thirds is being sup- 
plied by public utility electric central 
stations and about one-third is gen- 
erated in isolated power plants in con- 
nection with industrial plants. 

The period in which ‘we are living 
has been called the “Age of Mechanic- 
al Power”. The power consumption 
per capita is a measure of the progress 
of a nation. Mechanical power is 
usually developed by harnessing water 
falls or by utilizing the heat energy 
of some fuel such as coal, oil or gas. 

As water must run to waste whether 
used or not, there is a popular impres- 
sion that water power costs nothing 
and that all electricity should be de- 
veloped by utilizing water power. Ac- 
tually, less than one-third of the elec- 
tricity is developed in the U. S. A. in 
water power plants, over two-thirds in 
steam power plants and about 3% in 
gas and oil engine plants. The water 
power plant -involves geographic re- 
striction and is practical only if a 
plentiful supply of water can be had 
at a fairly high head. 
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For the generation of power, es- 
pecially in large amounts the steam 
power plant has been found most 
satisfactory, on account of the lower 
first cost per unit of power developed 
and the greater reliability. The steam 
turbine is at present the most impor- 
tant type of steam prime mover in 
connection with electric power genera- 
tion and its use is constantly increas- 
ing. The steam turbines develop at 
present more power in electric central 
stations than all reciprocating steam 
engines, gas and oil engines and water 
turbines combined. The popularity of 
the steam turbine for electric power 
generation is based on the following 
facts: ‘The steam turbine operates at 
practically uniform speed, occupies 
less space per unit capacity than other 
motors, can be built in very large 
sizes at low cost and is very economi- 
cal particularly in large capacities. 
Reciprocating engines of capacities 
greater than 5,000 horse power are 
very rare. Steam turbines are now in 
operation which have capacities of 50,- 
000 to 80,000 kilowatt, correspond- 
ing to between 70,000 and over 100- 
000 horse power. Steam turbines of 
10,000 kilowatt to 30,000 kilowatt are 


very common. (A kilowatt is equal to. 


about 1 1-3 horse power.) 

As the electric public utilities of 
this country lead the world in econ- 
omy of power production as well as in 
magnitude of production the trends 
in the design and operation of their 
power plants are followed by the 
most progressive industrial plants. 
these may be summarized as follows: 

The output of the electric utilities 
in kilowatt-hours has more than 
doubled during the past ten years at an 
increase of about 5 per cent in the 
fuel used. The average coal consump- 
tion by these utilities has been de- 
creased from 3.2 lb. per kilowatt-hour 
in 1919 to 2.2 Ib. per kilowatt-hour in 
1924. The best and largest of these 
electric central stations are at present 
generating a kilowatt-hour on less than 
two pounds of coal. 

These gains in economy have been 
brought about mainly by improve- 
ments in the boiler room. Modern 
methods have not only increased the 
efficiency of the boiler but also its 
steaming capacity. There is a general 
trend toward higher steam pressures 
and temperatures in both the electric 
central stations and industrial power 
plants. Steam pressures carried in the 
large power plants have more than 
doubled in the past few years. Extra 
high pressure steam is particularly ad- 
vantageous in the industrial plant us- 
ing steam for process work as well 
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as for power generation. 600 pound 
and 750° F. are considered practical 
pressures and temperatures for large 


power plants. In a few cases even 
higher pressures are contemplated. 
The Boston Edison has installed at 
Weymouth, Massachusetts a boiler to 
generate steam at 1,200 lb. pressure. 
In Rugby, England tests have been 
carried on with a Benson boiler the 
object being to demonstrate that steam 
can be generated at a pressure as high 
as 3,200 lb. 

The mercury turbine gives promise 
of materially increasing the efficiency 
of power plants by extending the tem- 
perature range. 

Steam making surfaces in boilers 
are being arranged to better advan- 
tage. Furnace volumes are being in- 
creased to make operation at higher 
ratings possible. Very few boilers are 
now operated at ratings below 200 
per cent and in some cases, boilers 
have been forced to 700 per cent rat- 
ing. 

Powdered coal is being introduced 
in many of the newer large power 
plants. It is particularly advanta- 
geous for localities where the quality 
of the coal supplied is not uniform. 
High furnaces and the use of powdered 
fuel have brought about improvements 
in refractories for boiler settings and 
the adoption of water-walled furnaces. 

In Continental Europe steam ac- 
cumulators are being used in electric 
central stations as well as in indus- 
trial plants to take care of fluctuations 
in steam demands. In Sweden 
improved combustion conditions 
due to the use of accumulators have 
resulted in considerable fuel economy. 
Chemical industries, pulp and paper 
mills, steel plants and other industries 
will do well to watch the development 
of the accumulator and to consider its 
use in this country to improve fuel 
economy. 

Improvements in the steam cycle, 
increased boiler efficiency, higher 
steam pressures and _ temperatures, 
greater attention to heat balance, air 
preheating and regenerating cycles all 
tend to reduce fuel consumption to 
about one pound per kilowatt-hour. 

Science and engineering have con- 
tributed greatly to human welfare and 
have made prodigious changes in 
social conditions, standards of living 
and industrial development. 

This improvement in the standards 
of our living has gone on simultaneous- 
ly with a more general appreciation of 
scientific and engineering education. 
One hundred years ago, or in 1824, the 
first engineering college in English 
speaking countries was started in the 
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U. S. A. at Troy, New York. This is 
the Rensellaer Polytechnic Institute, 
the father of American Engineering 
Colleges. At the present time, the 
United States of America has about 
137 engineering colleges which are 
training about 55,000 students and are 
graduating annually about 9,000 tech- 
nically trained engineers. 

Engineering is assuming a constant- 
ly greater place in the lives of civilized 
nations and the engineering colleges 
have a great responsibility to train men 
who will not only be capable as 
engineers, but who will be able to take 
an active and leading part in coping 
with the social readjustments which are 
becoming at once increasingly neces- 
sary and difficult. The constantly in- 
creasing use of power, the tremendous 
industrial developments and the mirac- 
ulous achievements of science and en- 
gineering in annihilating time and dis- 
tance increase the responsibility of our 
engineering colleges to develop men 
who have a broad outlook, an appre- 
ciation of the sanctity of humanity and 
interest in the common good. The en- 
gineer is in a position to help greatly 
in insuring the permanency of our 
civilization if he will always direct for 
the benefit of humanity the new forces 
which science and engineering are con- 
stantly creating. The product of our 
engineering colleges must be engineers 
of broad calibre who have the ability 
to solve the technical problems of their 
specialty and who will utilize their 
scientific and engineering knowledge 
as tools in the building of a rational 
world. 

The engineering colleges are pre- 
paring men for the practice of the 
engineering profession. These men 
are trained to: have a broad acquaint- 
ance with present conditions, an ap- 
preciation of the importance of right 
living, a scientific spirit, capacity for 
unselfish service to society and an in- 
terest in the advancement of the com- 
mon good. Engineering educators 
have always been in accord with the 
statement of Theodore Roosevelt that 
“to educate a man in mind and not in 
morals is to educate a menace to 
society.” The engineering student is 
being constantly impressed with thé 
fact that the stability of society de- 
pends upon the character of the 
people; that capacity to do carries 
with it a responsibility to society; also 
that knowledge and talent are of no 
value to an engineer unless he is 
trusted and respected by his fellow 
men. An effort has been made to 
teach the engineering students only 
fundamentals; it is to train men who 

(Continued on page 196) 




























































AA COE Le CER A A es Rie itt mt a eat them 





The National Air Races 


A review of the new developments exhibited this year at the 
Model Farm Field, Philadelphia 


HE National Air Races are fast 
becoming a national institution. 
Even before the 1926 races were 
completed, plans were underway for 
the selection of the city in which the 
next meet will be held. At the con- 
clusion of the 1925 air races, held at 
Mitchel Field on Long Island, Phila- 
delphia, because of the Sesqui-Centen- 
nial Exposition, was selected as the 
logical city for this year. The cus- 
tomary date for these national aerial 
contests has been, in the past, during 
the first week of October, however, 
this year it was moved up a month 
with the hope that the weather would 
be more suitable for the fliers and 
spectators alike. The air races were 
held at the Model Farms Field, a field 
selected and conditioned especially 
for this event by the city of Philadel- 
phia. The “On-To-The-Sesqui” race 
terminated at midnight of September 
the 3rd, with the field events extend- 
ing from the 4th to the 11th. Due to 
a series of severe rain storms, which 
caused the newly made field to become 
very soft, the contests were not started 
until the 8th. 
The “On-To-The-Sesqut” Race 
At each national air race there has 
been an “On-To” event and although 
there are few eye witnesses, princi- 
pally the flying field personnel and a 
few visitors who assist the men as 


By Mac Snort, ’26 
Department of Aeronautical Engineering, 
Massachusetts Institute of Technology 


they stop to refuel at the various avia- 
tion fields along their route, this event 
bespeaks more of the qualities of the 
airplane, which are of more concern 
to the flying public, than do the ma- 
jority of the races held over a closed 
course during the meet. A scoring 
system based on the piston displace- 
ment of the engine, the pay load and 
the elapsed time between the starting 
point and the Model Farms Field de- 
termined the winner of the race. The 
minimum distance from which a pilot 
could fly was 200 miles while the 
maximum was left to his own discre- 
tion. In order that points might be 
secured from speed, a minimum of 50 
miles per hour for the elapsed time 
was set from which to begin scoring. 
Points awarded for load were in pro- 
portion to the pay load carried, and 
here also a minimum was set. 
Entered in this race were commer- 
cial pilots from all points of the 
United States and it is interesting to 
note that the first three prizes were 
awarded to men who flew from ex- 
ceedingly long distances. The winner 
was F. D. Hoyt of Santa Monica, 
California flying a 90 H.P. Travel Air 
airplane. In order to gain a few more 





THE PRATT AND WHITNEY ENGINE INSTALLED 
This new air cooled engine of 400 H.P. is installed in the Wright “Apache” pursuit plane, 
giving it a climb of 1700 feet in 10 minutes. 
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points for distance he began his log 
of the flight from Eureka, California, 
which is substantially the furtherest 
distant city on the California coast 
from Philadelphia. He flew 2558 
miles in a total elapsed time of 83 1-2 
hours of which 31 hours represented 
actual flying time accrued while doing 
daylight flying only. 

In connection with the flight from 
California an interesting comparison 
developed between traveling by air- 
plane and by automobile. Over 
practically the same period and the 
same route which Hoyt was making 
his flight a San Francisco business 
man was driving a well known high 
powered motor car across the con- 
tinent to New York City. The car 
covered 3500 miles in approximately 
83 hours by continuous driving with 
a fuel consumption of about 11 miles 
per gallon for both machines. There 
was 18 minutes difference in the 
elapsed time and laying aside the ele- 
ment of risk that might have been 
taken in either venture, it is difficult 
to realize how the driver of the motor 
car or his assistant could have enjoyed 
the trip as much or could have felt 
prepared for a day at the office after 
the finish, as did the airplane trav- 
elers. 

The Commercial and Light-Plane 

Races 

Privately owned airplanes consti- 
tuted the majority of entries in the 
light commercial airplane race and 
considerable rivalry existed between 
the pilots as a number of them had 
“tricked up” their airplanes and en- 
gines in the hope of securing more 
speed. After the elimination races, 
final contests for machines powered 
with engines of 510 cu. in. piston dis- 
placement or less, which virtually re- 
duced itself into well known OX 
motored class, took place. The final 
race was won at a speed of 107 miles 
per hour in a Waco airplane which 
was not without a certain degree of 
special refinement. 

The light airplane races were fol- 
lowed with as much interest as any 
events on the program. There were 
four entries which were automatically 
divided into two groups, those using 
the Bristol “Cherub” engine of Eng- 
lish manufacture or the Wright- 
Moorehouse, a recently manufactured 
American, engine. The former de- 
velops approximately 35 H.P. while 
the latter 28 H.P. Numerous. in- 
quiries were made as to whether the 
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recently announced Ford “Flivver” 
airplane was on the field or would 
arrive for the races. It did not make 
its appearance and the crowd appar- 
ently seemed content to watch the 
other small machines take off, fly 
number of very good races and land 
with but one mishap which was not 
serious. The first light-plane race 
was won by E. B. Heath flying a very 
neat little monoplane, of his own de- 
sign, at a speed of 91 M.P.H. The 
second race was won by A. H. Kreider 
in a unique low winged monoplane at 
a speed of 94 M.P.H. 

The Speed and Efficiency Race for 
commercial airplanes was awarded to 
the airplanes showing the highest 
speed and the highest figure of merit, 
the latter based on contest load, 
speed and engine displacement. The 
race resolved itself into two groups, 
those machines which were primarily 
built for speed and those built to 
carry a high pay load. The speed 
element of the contest was won by 
local pilot at 136 M.P.H. The effi- 
ciency prize was won by the Wright- 
Bellanca which carried 1292 pounds 
of pay load at a speed slightly over 
121 M.P.H. This airplane also won 
a second speed and efficiency event 
and duplicated its performance of the 
previous year. 

One very interesting event in which 


12 civilian pilots entered was the 
precision landing contest. The air- 
planes were climbed to 1000 feet, the 


engines stopped and then glided to- 
ward the designated line marked in 
the center of the field. All the ma- 
chines landed within 25 feet of the 
mark and the winner stopped 5 feet 
from the desired spot. It is not al- 
ways probable that a large landing 
field is directly below but the 
accuracy that was displayed on the 
soft field demonstrated that the pilot 
can maneuver-to a desired spot even 
though he has no power from the 
engine. 


The Military Events 


For the first time since the begin- 
ning of the National Air Races the 
famous Pulitzer Trophy Race was 
not scheduled. Neither the Army nor 
the Navy desired to enter their racing 
airplanes this year, therefore, the 
4 ilitary speed event was limited to the 
Free-For-All Pursuit Race. This air 


classic was a close match and was fur- 
ther intensified by the participation of 
the best Army, Navy and Marine 
Corps pilots. Lt. Cuddihy U.S.N. 


on the event in a Boeing Fighter at 
a speed of 180 M.P.H. As compared 
vith the tremendous speed of 248 

'.P.H., that the late Lt. Bettis made 


year in the Pulitzer Race, this 
‘ed event might seem slow, however, 





THE TECH ENGINEERING NEWS 





167 








THE 


BUHL-VERVILLE 


This is a touring plane and can carry a load of 600 pounds. 


“AIRSTER” 


It is equipped with landing gear, 


wheel brakes, folding wings, a door to the front cockpit, and is powered 


with a 200 H.-P. 
the winning machine this year was 
not constructed primarily as a speed 
creation. 

Che John L. Mitchell Trophy Race, 
open only to pilots of the First Pur- 
suit Group of the Air Corps, was won 
by Lt. Elliot in a Curtiss P-1 at 160 
M.P.H. Every pilot turned the 
pylons with the skill of an expert and 
the precision with which they flew the 
race was demonstrated by the lap 


time, which in some instances varied 
only by tenths of miles per hour. 
The difference in the time between 


the winner and the eighth entrant was 
approximately 3 M.P.H. 

The event in which the large bomb- 
ing and transport machines partici- 
pated did not seem like a race after 
witnessing the fast pursuit contest. 
However, these bombers deceive one 
for as the race got underway and 
speeds of 120 M.P.H. were reported 
the realization of their power and pos- 
sibilities was better appreciated. 

A contest in which observation 
type airplanes entered was carried out. 
in the main, by two distinct types of 
modern observation aircraft. Hardly 
a moment passed without one of the 
12 entries roared around the home 
pylon with its exhaust drowning out 
the announcer’s voice. A Curtiss 
Falcon piloted bv Lt. Stevens finished 
first at 142 M.P.H. 

Stunt flying competitions were held 
for Army, Navy and Marine Corps 
pilots and each branch gave demon- 





Wright 


“Whirlwind” motor. 

strations that led one to conclude that 
there were no best but that all the 
pursuit pilots were excellent, however, 
the final award was given to the 
Navy. This was the first year that 
pursuit machines equipped with radial 
or V type air cooled engines were seen 
in open competition with the more 
familiar water cooled engines. ‘The 
maneuverability of the radial air 
cooled engined machines apparently 
was not hampered as the winning 
stunt machine was so powered. The 
Army Air Corps performed excellent 
night flying and formation flying dis- 
plays over the Sesqui grounds and the 
city during the entire meet. 

New Airplanes and_ Improvements 

Within the aeronautical industry no 
attempt is made to exhibit the new air- 
crafts that have been built as is the 
custom in the automotive industry. 
The National Air Races serve in part 
to fulfill this need as at these events 
most of the recently developed mili- 
tary and commercial airplanes may 
be seen. This year there appeared for 
the first time the Wright Apache, a 
military pursuit machine powered 
with the new Pratt and Whitney 
radial air cooled engine. Much dis- 
cussion has been given to the adapta- 
bility of air cooled engines to pursuit 
flying. The high speed of the Apache 
was one mile per hour greater than a 
recent McCook Field version of an 
Army pursuit machine equipped with 
(Continued on page 204) 
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The Coast and Geodetic Survey’ 





A rather comprehensive study of this very important government service 


T IS the duty of every Govern- 

ment to take stock of the natural 

resources which are necessary to 
the welfare of its people. In this 
country, we have tremendous re- 
sources and our Government has for 
a long time been active in discovering 
and mapping them. In order that the 
available means of any country may be 
inventoried in the best possible man- 
ner, we need to know much of the 
surface of the earth. We need to 
know the geographic positions of 
topographic features, their elevations 
above some datum plane, and the 
configuration of the ground. Such in- 
formation is given by what we term 
a topographic map which shows. all 
topographic features in their proper 
geographic positions, the elevations of 
bench marks, tops of ridges, hills and 
peaks, and by contours the slopes of 
the ground. ‘Thousands are search- 
ing for the hidden treasures of the 
earth, and these may be water power, 
sl fertility, and possibilities for irri- 
gation and drainage, as well as min- 
erals, coal and oil. 

Not only must a Nation take stock 
of what it has, but it must provide the 
means for exchanging the products of 
its fields, mines and forests and of its 
factories with goods of other nations 
which cannot be obtained or so easily 
produced at home as in other coun- 
tries. Just after the Revolutionary 
War and the founding of our Repub- 
lic, those in charge of the Government 
realized that charts of our coastal 
waters were needed for our ever-ex- 





ASTRONOMIC TRANSIT, BAMBERG BROKEN— 
TELESCOPE TYPE 


By Wituram Bowte 


Chief, Division of Geodesy 


panding commerce. It took some 
years for this thought to crystallize 
into action. In 1807, under the presi- 
dency of Jefferson, the Congress 
passed an act calling for the charting 
of our coast and nearby waters. It 
was not, however, until 1816 that the 
organization of the new Bureau was 
completed and field work started. 
Prior to the organization of the 
Coast and Geodetic Survey some 
charting of our harbors and rivers and 
their approaches from the sea had 
been made by companies engaged in 
traffic with Europe, but this was a 
most unsatisfactory method of doing 
a public work which was needed by 
all engaged in shipping. A company 
making charts for its own use would 
scarcely be so foolish as to turn those 
charts over to its competitor. 

The Bureau was first organized as 
the Coast Survey. This name was 
changed in 1879 to the Coast and 
Geodetic Survey when we extended 
our activities into the interior of the 
country. 

The first work of the Coast Survey 
in the field was the determination of 
latitude, longitude, and azimuth, and 
the measurement of a base line and 
the execution of triangulation on Long 
Island just east of New York City. 
New York at that time, as it is now, 
was the most important seaport of our 
country. From this beginning, de- 
tached surveys and charts were made 
at a number of places along our 

‘ coasts. Each chart was 
based upon an independ- 
ent determination of the 
latitude and _ longitude 
by observations on the 
stars. 

It was realized that 
there should be a strong 
frame-work for the 
surveys made along the 
coasts from which the 
charts were to be com- 
piled. ‘The plan of using 
triangulation properly 
controlled by accurately 
measured base lines for 
this purpose was ini- 
tiated. The triangula- 
tion was extended along 
the coasts from the sev- 
eral astronomic stations. 
This was _ satisfactorv 
until the several  sys- 
tems of _ triangulation 
were joined; then there 


* Reprinted by permission from the Cornell Civil Engineer 
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were gaps, overlaps, and offsets in 
the charts at the border line between 
the two surveys that were being joined, 
It was early realized that what was 
needed was continuous triangulation 
along our coasts based upon some 
mean astronomic position; then there 
would be complete harmony among 
the charts and no chance for confu- 
sion in those regions where the charts 
brought from two directions should 
overlap. 

It is frequently thought that when 
an astronomic determination of lati- 
tude and longitude has been made, 
that the point is fixed with great ac- 
curacy with regard to the initial me- 
ridian for longitudes, the one through 
the observatory at Greenwich, Eng- 
land, and the plane of the equator, 
which is the reference line for latitudes. 
It is true that the same value for the 
latitude and longitude within a very 
small amount can be reproduced by 
other instruments and other observers, 
but there is the troublesome factor 
called a station error, or deflection of 
the vertical, which makes it impossible 
to know the reliability of the astronom- 
ic station as a control point for 
survevs. 

As is well known, astronomic obser- 
vations are a!l referred to the horizon- 
tal plane defined by the _ level 
bubbles of the instrument, or, what 
is the same thing, to the direction of 
gravity which is at right angles to 
the horizontal plane through the sta- 
tion where the observations are made. 
In the case of the Island of Porto 
Rico there is very deep water in the 
Atlantic Ocean to the north of the 
Island, and also very deep water in 
the Caribbean Sea to the south. 
The direction of gravity, or what we 
call the plumb line, is affected by the 
irregular distribution of masses of the 
earth’s surface. Thus the plumb 
line at Ponce on the south coast ol 
the Island was pulled to the north by 
the mass of the Island and the base on 
which the Island rests, and negatively 
by the deficiency of the mass in the 
waters of the Caribbean Sea. ‘Thus 
the latitude at Ponce as observed was 
too small—the zenith was deflected 


to the south. 

At San Juan, on the other hand, 
the Island mass and the deficiency of 
mass in the Atlantic resulted in the 
deflection of the plumb line to the 
south toward the Island and the 
zenith at the San Juan station was de- 
flected to the north. The resulting 
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astronomic latitude at San Juan was 
too great. 

The relative error in the latitudes of 
the two places caused by the relative 
deflection of the plumb line by 56 
seconds meant an error of one mile in 
the distance between those two places, 
computed from the difference in lati- 
tude, or about one part in thirty- 
three. One can-readily understand 
that if the charts of Porto Rico were 
based upon those two astronomic de- 
terminations of latitude, the shores at 
the east and west ends of Porto Rico 
would have to be 
stretched a whole mile, in order that 
the charts of the 
those of the north 


elongated or 


south coast and 
coast might be 
joined. 

With regard to the case in 
there a great valley about 60 miles 


Asia, 


broad lies between two mountain 
ridges. An astronomic latitude was 
observed on the south side of the val- 
ley close to the mountains, and anoth- 
er on the north side of the valley. At 


the southern station the mountain 


mass to the south deflected the plumb 
line, throwing the zenith to the north. 
This resulted in an astronomic latitude 
that was too great. At the northern 
station the plumb line was deflected 
to the north and the zenith thrown to 
the south. At that station the as- 


tronomic latitude was too small. A 
triangulation connecting these two 
stations across the valley showed that 
the sum of the effects of the mountains 
on the two stations made their relative 
geographic positions to be in error by 
|’ 24”, almost a mile and a half in a 
distance of about 60 miles between 
the two stations. It is readily seen 
from this case that a map of that re- 
gion could not have been started from 
each of those two latitude stations 
with any likelihood of fitting the two 
parts together. 

All this trouble with astronomic 
determinations of latitude and longi- 
tude was obviated by having cont:nu- 
Ous triangulation connecting the vari- 
ous astronomic stations from which the 
charts of our coasts were begun. The 
triangulation was then computed from 
a single point. That initial point was 
determined after an inspection of the 
d Terence between the geodetic and 
the astronomic latitudes and_ longi- 
trdes. The latitude and longitude 
a opted for the initial station were 
sch as to place the whole coast in its 


n. st probable position with respect to 
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the equator and the meridian through 
Greenwich. 

Not only was it necessary to have 
triangulation along the coasts to fur- 
nish points for the detailed shore line 
in hydrographic surveys, but it was 
decided early in the life of the Coast 
Survey that there should be triangu- 
lation of the first order extending 
along high ground paralleling our At- 
lantic Coast, where the triangle sides 
could be of great lengths. At places 
along the coast, it was impossible to 
have the triangle sides more than two 
or three miles in length. With such 
a small scheme of triangulation, there 
was likelihood of an accumulation of 
error in position and direction, but 
with the large triangles and fewer sta- 
tions greater strength in the positions 
and directions could be obtained. At 
a number of points along this oblique 
arc which extends from Maine to Mo- 
bile, Alabama, along the foothills of 


Bowie Ambrose NE base|. 4900 


brace yee Sane: (Also School of Boundary Survey) ~\ 
Ambrose oW base A~ Ambrose Presb Ch 
Keres J Fd Aelrnee 
VOrJe. ¢ or ose 
Jasper (Boundary Su Ve bilby (boundary Survey) 











QM Cost 
iy 





FIRST-ORDER TRIANGULATION 


the Appalachian Mountains, connec- 
tions were made to the detailed tri- 
angulation along the coast. Similarly, 
on the western coast of the United 
States first-order triangulation was 
carried from the northern boundary 
of the State of Washington to the 
southern boundary of the State of 
California, paralleling the coast with 
connections made to the detailed 
coast triangulation. 

Some fifty years ago it was realized 
that the charts of the western coast 
of the United States should be con- 
nected with those of the eastern 
coast. In order that this might be 
accomplished, an arc of triangulation 
was begun in the vicinity of Cape 
May, N. J., which should extend 
across the country, following approxi- 
mately the 39th parallel. This arc 
was completed in the late 90’s and 
was one of the great arcs of the world 

(Continued on page 170) 
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at the time of its completion. This 
was the beginning of the _ geodetic 
work of the Coast and Geodetic Sur- 
vey in the interior of the country. Up 
to that time nothing had been done of 
a geodetic nature except along the 
cuast for charting purposes. This in- 
terior triangulation was found to be of 
such great value in the extension cf 
state and other surveys and maps that 
Congress decided that the Coast and 
Geodetic Survey should execute first- 
order triangulation over the who! 
country. Of course, not every plaze 
would be reached, but such a system 
was to be carried out that . point 
in the country would be very far from 
this first-order triangulation. The 
intermediate areas could then be cov- 
ered with second or third order trian- 
gulation in order to furnish control 
points for the topographic engineer 
and others who might wish to connect 
in their local surveys. 

In connection with the principal 
continental triangulation it was neces- 
sary to have accurate knowledge of 
elevations in order that the baze lines 
used to control the lengths of the tri- 
angulation might be reduced to mean 
sea level. It is evident that if base 
were measured at different levels and 
not all referred to the same plane or 
level, there would not be complete 
harmony in the triangulation joining 
two such bases. This leveling done 
to control the length of bases was 
found to be of great value in railroad 
surveying and in the extension of 
topographic mapping over the interior 
of our country. 

The Coast and Geodetic Survey 
was therefore charged with the con- 
tinued extension of lines of levels 
through the interior, connecting the At- 
lantic, Gulf, and Pacific Coasts. Al- 
ready we have some 50,000 miles of 
first-order leveling, most of which has 
been done by the UW. S. Coast and 
Geodetic Survey. Other organizations 
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which have done some of this work 
are; the Corps of Engineers of the U. 
S. Army, in connection with the con- 
trol and improvement for navigation 
of some of our large rivers, a few of 
our railroads, and the U. S. Geologi- 
cal Survey. It is planned to extend 
the first-order level net to such an ex- 
tent that no point in the country will 
be more than about 50 miles from a 
first-order leveling bench mark. In- 
termediate areas will be covered with 
a net work of lines of levels of the 
second and third order in order to 
furnish elevations for detailed survey- 
ing and engineering operations. In 
order to complete the first-order 
leveling net about 40.000 miles more 
of leveling must be done. 

There are now about 19,000 miles 
of first-order triangulation in the 
country. In addition to this there are 
several thousand miles of coast trian- 
gulation of what might be called a 
third order, and much third-order tri- 
angulation that has been done by the 
U. S. Geological Survey, and by the 
Corps of Engineers in connection with 
river work for use in detailed survev- 
ine. and engineering operations. In 
add‘tion to the triangulation there are 
3.000 miles of first-order traverse 
which is used for correcting geographic 
positions across country where the 
land is very level or is heavily wood- 
ed, where the erect’on of triangular 
towers would be excessively expensive. 
About 20000 miles more of first-order 
triangulation and traverse are needed 
to complete the first-order scheme of 
horizontal control. 

After a triangulation has been ex- 
tended alone the coast, the engineer 
locates the shove line by means of the 
plane tab'e. The plane table has been 
used in the Coast and Geodetic Sur- 
vey since the besinniny. It was in- 
troduced bv Hassler. It is now used 
by the U. S. Geoloeical Survey in al! 
of its topographic work. 

Every mile of the 
coast from Maine to the 
mouth of the Rio Grande, 
from Mexico to Canada 
on the West coast has 
been gone over at least 
once by our engineers in 
making the tovographic 
survey of the shore line. 
Nothing is left to the 
imagination. The en- 
gineer must see the 
coast. He has his rod- 
men give points in every 
bend and at every pro- 
jecting point along the 
shore. ‘These rod read- 
ings are taken from the 
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plotted on the plane table sheet right 
in the field. There can be no mistake 
made as to just what trend the 
shore takes. Of course, minute ir- 
regularities in the shore line are not 
indicated, for any sandy shore will 
change its position a few yards during 
a single storm. Besides, the charts 
are printed on comparatively small 
scales varying from 1:10,000 to 
1:1,000,000, and one or two yards on 
such a scale would be only a fraction 
of the thickness of a line as drawn on 
the chart. Prior to 1900 the Coast 
and Geodetic Survey extended its 
topographic work back to the nearest 
railroad or highway paralleling the 
coast. The purpose of this was to 
furnish information which would be of 
value in military operations along the 
coast, either in defensive or offensive 
warfare, to furnish navigators with 
some idea of the configuration of the 
ground near the shore, and to give 
the engineers engaged in industri. de- 
velopment some idea as to geographic 
position, elevation and configuration 
of the ground. But modern warfare 
does not limit itself to two or three 
miles from the shore. Guns are now 
able to hurl projectiles for twenty or 
more miles. The navigator is_ fur- 
nished with more aids to navigation 
than he ever had before, in the form 
of lighthouses, beacons, lightships and 
buoys. He does not need so much 
information in regard to the configura- 
tion of the shore as in early days. In 
addition he now has what is called 
the radio compass which is installed 
on every well equipped ship. With 
this, the navigator can determine his 
geographic position in stormy weather 
when not far out from land when ob- 
servations cannot be made either upon 
objects on shore or on astronomic 
objects. 
During recent decades the Geologi- 
cal Survey has increased greatly its 
activities in the making of the topo 
graphic map of the country. It now 
makes the topographic maps even 
down to the shore line. Therefore, the 
necessity for having that strip ©! 
topography along the shore surveyed 
by the Coast and Geodetic Survey 
has ceased to exist. All objects, how- 
ever, that are close to the shore that 
might be of value in navigation work, 
especially large hotels, chimneys of 
factories, radio stations, prominent 
cuvolas and spires, are located by our 
engineers and indicated on the chart. 
When these are identified by the navi- 
gator, he can locate himself acciirately 
by taking compass bearings on suc 
objects. “Then. too, the engineer en- 
gaged on the topographic work along 
the shores must locate on his plane 
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table sheet all off-lying rocks and lo- 
cate in proper position the shore line 
of any island. This can be done by 
the plane table method more accur- 
ately than by the method used in lo- 
cating the soundings. 

With the triangulation completed 
and the topographic work along the 
shores executed, we are then in posi- 
tion to begin the hydrographic sur- 
veys. A large sheet of drawing paper 
is prepared with meridians and par- 
alleis ana on it are plotted tne utan- 
gulation stations and the shore line, 
and all objects which can be easily 
observed and identified from the ves- 
sel or boat working in the water off 
the shore. The soundings in shoal 
water are made by the ordinary lead 
line cast from a row boat or a launch. 
Two observers with sextants observe 
the angles between three objects on 
shore at intervals as the soundings are 
made. As the two angles have a com- 
mon side, we can make a graphic 
solution of the three point problem 
with what is called the three-arm pro- 
tractor, thus locating the boat exactly 
at the time the sextant angles were 
observed. The soundings usually are 
equally spaced between the determin- 
ations of the position of the boat and 
so far as is practicable the boat is 
kept on a straight course between the 
position determinations. Where it is 
known that there is a strong current 
throwing the boat off its course, loca- 
tions with the sextant angles are made 
at more frequent intervals. 

It is the duty of the Coast and Geo- 
detic Survey to extend its hydro- 
graphic surveys well out to sea beyond 
any area that might have dangers to 
vessels approaching or leaving our 
shore. Usually the soundings are car- 
ried out to the thousand-fathom depth. 
Beyond this, experience has shown 
there are few or no obstructions that 
would endanger a vessel. In the deep 
water, the soundings may be taken by 
specially designed and _ constructed 
pressure tubes, or by a wire, to which 
a heavy weight is attached, running 
from a reel over a registering sheave, 
the sheave indicating on its dial the 
amount of wire that has run out when 
the sounding is made. The most mod- 
ern method of making the sounding 
is by what is called the sonic sound- 
er. This is really a development of 
processes used during the iate war to 
discover the presence of submarines. 
\ll three of these methods are used 
successfully, although the pressure 
tube is seldom employed when the 
lepths are more than about 100 
‘athoms. 

When the sounding vessel gets be- 
yond sight of land it must depend for 
ts geographic position uvon what is 
alled dead reckoning. The compass 
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gives the direction the 
ship is travelling and 
the speed may be de- 
rived from the number 
of turns of the propeller 
per minute or hour, or 
by the reading of the 
log line. But these 
methods do not give 
the position of the ves- 
sel accurately. Sup- 
pose for instance that 
the soundings are ex- 
tended for a distance of 
50 miles beyond the 
point where the land 
can be sighted, and 
suppose this takes 
eight hours. There 
may be an ocean cur- 
rent sweeping along 
parallel to the coast at 
the rate of one mile 
per hour. It may be 
readily seen that at 
the end of the fifty- 
mile run out to sea, 
which has taken eight 
hours, the boat may be 
out of position by eight 
miles if the current is 
ignored. We are overcoming that 
difficulty now by allowing for the 
effects of currents. In this way the 
soundings are more accurately located. 

It may be said here that much of 
the information or rumors that we get 
about great changes in the bottom of 
the ocean or of bays which are thought 
to be due to an actual change in the 
elevation of the bottom are actually 
due to erroneous positions. If at the 
time a sounding is made, the position 
of the ship as determined is consider- 
ably in error, a configuration of the 
bottom is obtained, especially where 
the bottom is very broken, which a 
later and more accurate survey will 
fail to check. Suppose, for example, 
the continental shelf is determined by 
an inaccurate survey, that is, by one 
where the currents were not deter- 
mined and where the positions by 
astronomic observations or by base 
and log line were not as accurate as 
they should be. If, later, a very 
accurate survey were made over the 
same area, we might have evidence 
that would lead us to think that the 
configuration of the bottom had 
changed hundreds or even thousands 
of fathoms, while as a matter of fact 
the difference in the depths of appar- 
ently the same places was due to the 
inaccurate determination of the posi- 
tions of the ship when the first sound- 
ings were made. 

The most recent development in the 
location of a ship beyond sight of 
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land is the radio acoustic method. It 
would take too long to describe in de- 
tail this very ingenious way of locating 
a ship, but briefly it is to explode a 
bomb in the water close to the ship. 
The impulse of this explosion is carried 
to a recording device on the ship, and 
is also transmitted through the water 
to microphones located near the shore 
which may be 50 or 100 miles away. 
These microphones connect with radio 
stations which are actuated by the 
impulse exerted on the microphones; 
the resulting radio signals are received 
on the ship and recorded automatically 
and compared with the time at w hich 
the impulse of the bomb was recorded 
on the ship. Knowing the velocity of 
the sound through water, we are able 
to determine the distance of the ship 
from each of the two or three micro- 
phones on the shore. Those micro- 
phones are accurately located by tri- 
angulation or other surveying meth- 
ods. Thus we are able to locate the 
ship at the time the bomb was ex- 
ploded. This method has been used 
only a year or two in the Coast and 

Geodetic Survey, but it has proved to 
be most valuable and no doubt further 
developments will make it even more 
effective. 

The menace of the boulder off the 
New England coast, the coral head off 
the coasts of Florida and Porto Rico, 
and the pinnacle rock of Alaska lead 
to the development of an apparatus 

(Continued on page 188) 
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Ore Concentration By Flotation 





A short but thorough discussion of the theory and practice involved in this 


HE discovery of the property of 

the ore minerals, when agitated 

with water containing a small 
quantity of an oily substance, to at- 
tach themselves, with varying degrees 
ot tenacity, to the air bubbies tormed 
by the agitation and to selectively 
concentrate in a froth on the surface 
of the ore-water pulp proved to be the 
birth of a process that has completely 
revolutionized methods of ore dress- 
ing. 

It is about twelve years ago since 
the first mill in this country was de- 
signed and built for concentrating ore 
by this process. Now there are prob- 
ably no less than 80,000,000 tons of 
ore treated by the process yearly. 

The property of the various com- 
mon minerals to show different capaci- 
ties to adsorb or collect oily substances 
on their surfaces and to show a selec- 
tive tendency to attach themselves to 
and be lifted by bubbles proved to be 
a difficult one to control when applied 
in practice. It was difficult for the 
operator, and for the experienced in- 
vestigator as well, to understand why 
two apparently similar ores, when sub- 
jected to apparently parallel condi- 
tions, with regard to kind and quan- 
tity of reagents used, and agitation, 
etc., gave quite different results. Al- 
though now we are able to control the 
delicate but positive factors involved, 
to a degree sufficient to make the pro- 
cess applicable and available for the 
treatment of the sulphide ores, the 
mystery of the physical possibly 
chemical mechanism involved is not 
entirely absent and the metallurgist, 
who having tried to develop the theory 
of the flotation process and then hav- 
ing stood by waiting for the more 
technically trained physical chemist to 
show him the light, only to be disap- 
pointed, feels no embarrassment over 
his own past and present inability to 
understand. 

Regarding the theory of flotation 
space will not permit a discussion 
that bears the merest pretense of cov- 
ing the subject. The substances used 
in the practical present day flotation 
scheme are of two general classes!, 
(1) Organic substances including pine 
oils. pine tars. hardwood creosotes and 
coal tar distillates, etc., and (2) Inor- 
ganic substances. 

Substances of class (1) are frequent- 
ly among those classed as “non-polar” 


1“Present status of Differential Flotation” 
Reports: of Investigations, U. S. Bureau of 
Mines. Serial No. 2700, Dept. of Commerce 
—Bureau of Mines. 
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substances but they lower the surface 
tension of water and are therefore 
presumably soluble to some extent for 
only soluble or partially soluble sub- 
stances effect the surface tension of 
water. They are therefore polar to 
the extent that the molecules have 
soluble portions or radicals. Wood 
oils lower the surface tension of water 
very markedly while the oils derived 
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FIGURE 1 
Showing arrangement of adsorbed oil molecule 
at a water-bubble surface. 


from the destructive distillation of coal 
lower it to a less marked degree and 
are, therefore, presumably less soluble 
in water than the pine or hardwood 
oils, Table I. Oils, therefore, since 
change in surface tension is always 
accompanied by adsorption, adsorb on 
the bubble-water surfaces and permit 
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IGURE 2 
Showing a a arrangement of adsorbed 
il mo'ecules at a mineral-water surface. 


the building up of a froth. This, then, 
is one useful function of oil in the flo- 
tation process. 
TABLE 1 
Minimum Surface Tension of Mix- 
tures of Some Common Flotation Oils 
and Water at 26°C 
Dynes per centimeter 


Water 72.0 
Steam distilled pine oil 43.0 
Hardwood creosote 46.0 
Eucalyptus oil 42.2 
Camphor oil 50.5 
Coal tar creosote 61.0 
Oleic Acid 42.2 


It should, however, not be under- 
stood that the surface tension of the 
surface of a “freshly” formed bubble 
in a flotation pulp is of the same mag- 
nitude as the surface tension of the 
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“free” surface of the pulp or as the 
surface tension of the froth formed on 
top of the pulp. The surface tension 
of a fresh or newly formed surface 
such as a skimmed surface or that of a 
rapidly traveling bubble is little less 
than that of the pure water. 

A small piece of a sulphide mineral 
placed at the bottom of a breaker 
containing a solution or mixture of a 
small amount of a flotation oil in 
water may be picked up by a freshly 
formed bubble formed at the end of a 
capillary tube. The same piece of 
mineral shows less friendliness to a 
bubble of greater age. Low bubble 
surface tension seems then to be not 
desirable for best flotation. ‘Too much 
oil in flotation or “over-oiling” gives 
low bubble surface tension and poor 
flotation results, because it destroys 
the selectivity of bubbles for mineral 
particles. 

Experiments? seem to have shown 
that minerals adsorb, or collect on 
their surfaces, oil molecules or possi- 
bly small oil droplets and the amount 
adsorbed or collected at the mineral- 
water surface appears to be dependent 
upon the chemical composition and 
crystal structure of the mineral. The 
difference in the capacity of the vari- 
ous common minerals to collect oil ap- 
pears definitely to bear a relation to 
the ease with which bubbles, intro- 
duced into the pulp, pick up and carry 
mineral particles to the surface of the 
pulp. In the case of gangue minerals, 
anartz for example, and the sulphide 
minerals, galena for example. the 
property to collect or adsorb oil and 
attach to air bubbles is of such wide 
difference as to permit a selective flo- 
tation of the sulphide minerals from 
the gangue minerals. However, in the 
case of the sulphide minerals them- 
selves the difference in this property, 
while reasonably marked. is not ordin- 
arily sufficient to permit the sharp 
separation by flotation required in 
practice. It is. therefore, to cause a 
more marked difference in oil collec- 
tion and bubble attachment capacity 
between such minerals that the sub- 
stances of class II, alwavs strongly) 
polar substances. are used in flotation. 

It has been shown by exveriments 
that oil molecules cavable of lowering 
the surface tension of water are com- 
posed of portions or atomic groups 0! 
unequal solubility. This unequal solu 
bility of the various atomic groups 
composing the molecule results in 


2“Surface Reaction in Flotation” A.J.M.M 
E Vol. LXX—647-736—1924. 
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definite orientation of the molecule on 
the water’s surface. The soluble end 
or portion of the molecule is drawn 
into the water while the insoluble por- 
tion is rejected and exposed to the 
surface. This reasoning points to an 
orientated arrangement of oil mole- 
cules adsorbed at a _bubble-water 
interface. Fig. 1 is intended to indi- 
cate graphically the arrangement of 
adsorbed oil molecules at the water- 
air (bubble) interface. For example 
the molecule may be one of the formic 
acid series, in which case the soluble 
hydroxyl, (OH), groups are drawn 
into the body of the water while the 
insoluble methyl, (CHs), groups 
point outward and are at the surface. 

There is no definite experimental 
evidence as to the nature of the ad- 
sorption of oil at solid-water inter- 
faces but in view of the orientated 
arrangement of molecules known to 
exist at  Water-air interfaces and 
at liquid-liquid interfaces it is rea- 
sonable to assume that the arrange- 
ment of oil molecules adsorbed at 
the mineral-water interface also is 
orientated. If the adsorption on the 
mineral surface is of such a nature 
that the water-insoluble portion of the 
oil molecule “sticks” into the water 
while the water soluble portion at- 
taches itself to the mineral surface as 
shown in Fig. 2, the explanation of the 
attachment of the mineral particle to 
the bubble would not be difficult. The 
particle simply would be engulfed by 
the bubble, see Fig. 3, similar to the 
floating of a piece of paraffin on a 
water-air surface. The magnitude of 
the tendency of the air to displace 
water at the oiled mineral-surface or 
in other words the force of the air- 
water interfacial tension would readilv 
take hold of the particle. If the oil 
molecules are attached to the mineral 
surface in the reverse order, Fig. 4, 
the attachment, if there would be anv, 
of the mineral particle to the air 
bubble is not so easily explained. Per- 
havs the degree of orientation of the 
adsorbed oil molecules on the mineral- 
water surfaces is different for the 
various minerals and perhaps the 
value of substances of class IT, in dif- 
ferential flotation, is due to the effect 
that these ionized substances have 
upon the orientation of the oil mole- 
‘ules adsorbed on the mineral sur- 
laces? 

Experiments show definitely that 
dsorption and orientation of oil mole- 
ules at a water-air surface is mate- 
rially affected by the presence of vari- 
us ions in the water. Also, while 
‘xperimentally, there is not the vol- 
ime of reliable evidence, the adsorp- 
ive capacity of various solid sub- 
tances for oil is altered by the pres- 
nce, in solution, of various ions. 





THE TECH ENGINEERING NEWS 


A definite theory as to how flotation 
works is needed. To say that the 
value of the addition of a certain 
chemical to a flotation pulp is caused 
by a chemical reaction resulting in a 
selective “coating” of the mineral 
surfaces due to the formation of a 
new chemical compound—is _insufhi- 
cient. It may be and no doubt is 
true that selective mineral surface 
“coating” is brought about by the use 
of certain chemicals and that the nor- 
mal order of floatability of the respec- 








FIGURE 3 
Showing nature of attachment of an oiled 
mineral particle to a bubble. 


tive minerals has been changed—but 
we still have to account for the new 
relative floatability for the same rea- 
son we have been striving to account 
for the natural relative floatability of 
quartz and galena or any other min- 
erals. 

From the writer’s study and obser- 
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FIGURE 4 
Showing improbable arrangement of adsorbed 
oil molecules at a mineral-water surface. 


vations of ore flotation he believes 
that the following conditions exist and 
are required for successful flotation, 
(1) A low surface tension of the liquid 
film forming the net-work of bubbles 
in the froth. (2) A high bubble-pulp 
surface tension, i.e., when the bubble 
is in the body of the pulp its surface 
tension should be high—nearly the 
same as pure water. (3) A large 
contact angle between water (water 
of the ore pulp) and the solid to be 
floated and a low contact angle between 
water and the solid desired not to 
float. 

Substances of class I, discussed 
above, fulfill requirement No. 1 and 
if not used in too large amounts do 
not interfere with requirement No. 2. 
They act selectively to promote re- 
quirement No. 3. Substances of class 
II do not interfere with requirements 
No.’s 1 and 2 but they do promote 
requirement No. 3. Just how they do 
this remains to be fully explained. 

The rapid development of the art 
of flotation is due to the persistent and 
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untiring efforts of many individuals, 
schools, government bureaus, and 
particularly to the companies who 
have been confronted with the neces- 
sity of turning, for their source of ore 
supply, to the large deposits of com- 
plex sulphide ores that have for years 
resisted the ordinary methods of ore 
dressing. Experience soon taught that 
for best metallurgical results it was 
necessary to control carefully such 
factors as (1) the fineness of the 
grinding, (2) the pulp density, (3) 
the quantity of oils and reagents added 
to the pulp, (4) the time of “condi- 
tioning” the pulp with the reagents, 
and (5) the nature of the agitation 
and aeration of the conditioned pulp. 

It can be said that one of the rea- 
sons for the failure of much of the 
earlier practice to give the recoveries 
and grade of products desired, was 
definitely due to insufficient grinding 
to unlock the gangue minerals from 
the ore minerals, and the ore minerals, 
in Case two or more were present, one 
from another. In many of the differ- 
ential flotation plants operating today 
the ore is ground so that eighty per 
cent of it will pass a 200 mesh screen. 

The improvement in grinding is 
largely due to improvement in classifi- 
cation. The necessity for finer grind- 
ing called for classifiers having larger 
settling area to permit of sufficient 
time for the smaller particles to settle 
and to cove with the remendously 
large capacities now handled in many 
of the mills. ‘The Dorr Bow! classifier 
met with success the new requirement. 

It must, however. be pointed out 
that continued grinding of the ore 
particles, after liberation of the _ re- 
spective minerals has been effected, 
is not only not necessary, but expen- 
sive practice. Excessive grinding, be- 
vond what we may term the “eco- 
nomic” liberation points results in (1) 
low erinding mill cavacitv, (2) high 
erinding cost ver unit of ore, (3) low 
flotation machine capacity, and (4) 
high reagent consumption and poor 
grade products. 

This then places a burden on the 
classifier overated in closed circuit 
with the grinding mill. It should re- 
turn to the ball mill the least possible 
amount of undersize and at the same 
time not permit oversize to pass with 
the overflow to the flotation system. 
Further requirements imposed on the 
classifier are: (1) it should give a 
pulp overflow not too dilute for direct 
flotation which means that very little 
water may be used. and (2) it must 
return a thick (80 to 90 percent 
solids) sand product to the grinding 
mill. Even under these restrictions 
better classification will eventually 


come. 
(Continued on page 202) 
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Statistical studies of expectations for monetary return on a scientific education 


the Institute, the author con- 
fronted several heads of depart- 
ments with the question, “What does 
the average graduate of your course 
earn five years after graduation?” 
There are always two classic answers 
to embarrassing questions, one 
doesn’t know, or it depends on circum- 
stances. And so at every inquiry, the 
answer was, either that they had no 
records or else that it depended on the 
student! Yes, and it depends on 
other things too; your employer, the 
economic state of industry, supply 
and demand and professional friend- 
ships 
To the serious student of engineer- 
ing, the getting of a technical educa- 
tion is a dollars and cents business. 
And just how much he can afford to 
borrow, if he is dependent on financ- 
ing his studies, by aid outside of his 
own resources, or whether he shall 


J UST six years ago, when he entered 
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attend a highly recommended school 
with its relatively high cost, or a lesser 
known state institution at nominal 
cost, must in a large measure be 
weighed against his expectation of fu- 
ture earnings. If he be conservative, 
he will adjudge his future earning 
capacity as equal to that of the aver- 
age obtained from past records with 
due allowance for economic changes 
in the country. 

Unfortunately, while some informa- 
tion of this character has been ob- 
tained by the Institute, it was under 
promise that the data so obtained 
were to be kept strictly confidential. 
Consequently, we must turn our eyes 
elsewhere and study the records of 
others. Prof. R. H. Fernald, Direc- 


tor, Mechanical Engineering Depart- 
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ment, Towne Scientific School, Univer- 
sity of Pennsylvania, has completed a 
study of 220 graduates which should 
be of great interest to every student 
of engineering and the conclusions of 
which it is the purpose of this article 
to review. 

The accompanying illustration 
shows graphically in the lower portion, 
the average initial salaries of these 
graduates for the years 1913 to 1924, 
inclusive. The upper curves show 
the average and maximum salaries 
reported for various years alter grad- 
uation reduced to 1925 conditions. 
The heavy lines are the conclusions of 
Prof. Fernald while the dots are the 
results of his data. 

It may be said that the salaries here 
studied do not include inherited or 
other income apart from earned re- 
muneration. Prof. Fernald found 
that the average initial salary doubled 
in the twelve year period studied, and 
the ‘initial salary as well as the salary 
growth after graduation showed 
marked droops during the business 
depression of 1920. 

Just to be funny, let’s use a little 
mathematics on our data. We shall 
assume that the rate of increase of 
one’s salary is proportional to the 
salary, then, 


ds 
—=as 
dt 
and log S=-al 7.0 
e 
a fT 
or S=bE 
When T — 0 we have S = S , so that, 
0 r 
al 
S=5S8 E 
O 


and from Fernald’s data we find by 
the method of averages that a = 0.135 
for the normal salary during ten years 
after graduation. The curve is plotted 
in the illustration and if you are will- 
ing to gamble that your earning pow- 
er will continue to increase as hereto- 
fore you can extrapolate into your old 
age! Fernald proposed the equation, 


S = 1500 + 300 T 


as the ,average salary for the first 
seven years after graduation. 

If it cost you around $1000 a yea 
to go to college and you borrowed a! 
(Continued on page 194) 
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Abrasives 


A story of the development of artificial abrasives—Some early and modern uses 
of abrasives and a brief description of artificial abrasive manufacture 


HE Great Pyramid Builders 

I undoubtedly used sharpened 

tools for carving out those huge 
blocks of stone that still remind us of 
that early Egyptian civilization. In 
the Bible and elsewhere in early liter- 
ature references are made to methods 
of “smoothing” or “sharpening.” 

The first accidental production of 
iron from its ores, long ago, that 
started the progression toward our 
civilization, made it necessary for 
those early users of this 
metal to sharpen and polish 
their crude tools and weapon. 

There was nothing in the 
mechanical development of 
the early centuries that de- 
manded any improvement 
of grinding methods. ‘The 
slow moving ox-cart, the 
sharpened stick for tilling 
the soil, the slow clumsy 
water wheel and the appli- 
cation of horsepower did 
not put the demands upon 
moving parts that present 
day machines require. The 
chief application of abrasive 
materials—all natural stones 
—was to sharpen tools for 
cutting rocks and wood, the 
principal articles of con- 
struction in these engineer- 
ing feats of the dim past. Some- 
times, surfaces were polished, but 
little attempt was made to fashion any 
metallic parts with the crude abrasive 
implements then at hand. As man 
developed the art of fashioning metal 
tools, weapons and armour, the same 
inventive minds replaced the flat 
stones with a revolving disc or wheel 
to better aid_him in polishing, sharp- 
ening and removing metal from his 
wares. 

As man’s occupations and trades 
increased, naturally his demands for 
comforts and conveniences multiplied. 
“Necessity is the mother of invention.” 
So man’s inventive mind soon devel- 
oped the printing press, the loom, the 
steam engine, the threshing machine, 
the bicycle, the steam-boat, the elec- 
tric generator, the automobile and the 
iirplane. Such rapid strides forward 
in the use of all manner of moving 
arts was made possible by the con- 
inually improved grinding wheels and 
nachines that led the way in fabri- 
‘ating these milestones in the advance 
f modern industry. 


By Joun B. Graze, 712 


Research Engineer, The Norton Company 


So, the sandstone that was dug from 
the earth gave way to the more efh- 
cient materials (emery and corundum) 
which in turn were replaced by arti- 
ficial abrasives manufactured in elec- 
tric furnaces. From these artificiai 
abrasives the modern grinding wheels 
are made. 

The past half century has witnessed 
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more rapid and startling advances in 
adapting nature’s gifts to the service 
of mankind than all the past centuries 
combined. Harnessing steam and elec- 
tricity made the first stages of this 
advance possible. Up to this point the 
grinding wheel did not play an im- 
portant part in actually fashioning 
the metal parts of machines. But 
when the metallurgrst brought forth 
alloyed steels and applied each partic- 
ular quality to the different parts of 
machines, the demands for more uni- 
form abrasive wheels and more rigid 
grinding machines to fabricate the 
tough and hard alloys had to be sup- 
plied by the grinding industry. It 
was then realized that the old familiar 
lathe, used for so long in all machine 
shops for turning down soft metals, 
had its limitations. At this point, the 
grinding industry stepped to the front 
and the developments in the last 
twenty-five years have been a tribute 
to the untiring efforts and inventive 
minds of that industry. It was this 
advance in mastering the hard alloys 
that made the development of the gas 
engines, automobiles and airplanes 
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possible. Not one person in a hun- 
dred realizes the importance of the 
grinding industry as applied to every 
day necessities. 

The grinding wheel in the mind of 
the layman still remains a tool on 
which to sharpen a knife or an ax. 
Few realize that the security of our 
industrial life rests in the ability of 
the grinding wheel to meet the heavy 
demands put upon it by fashioning 
hard steel parts that are used in all 
modern machines _ every- 
where. How surprising it 
is to know that the grind- 
ing wheel and machine is 
not only used for rough 
grinding or snagging but for 
the finishing touches on prac- 
tically all surfaces of moving 
parts with a precision: diffi- 
cult to imagine,—specifica- 
tions down to one ten thou- 
sandth of an inch are easily 
met in quantity production. 

Grinding has made preci- 
sion in quantity production 
possible at low cost. 

“Niagara Falls made De- 
troit possible” is a familiar 
expression. This implies 
that, if it were not for the 
‘secial alloys made in 
Niagara Falls and if it were 
not for the artificial abrasives pro- 
duced by the electric furnaces sup- 
plied with power by the mighty 
cataract of Niagara, the automo- 
bile industry of Detroit would not 
exist on such a large scale. The 
manufacturers of automobiles today 
admit that the finished product of 
their plants would not be possible if 
it were not for the modern grinding 
wheels and grinding machines. With- 
out the use of the hard alloys the cars 
would be twice the size, three times 
the weight, four times the cost and 
five times slower than the 1926 models. 
In fact, an automobile minus the spe- 
cial alloys would be a very unreliable 
machine and capable of making not 
much over 50 miles at a stretch. 

The automobile is not the only ma- 
chine affected by the Grinding Indus- 
try. Almost every article we use owes 
its present perfection to the touch of 
the grinding wheel, either directly or 
indirectly. As we now use our trusty 
automobile, in a few years we will be 
using the airplane as a means of fast 

(Continued on page 176) 
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transportation between cities, between 


home offices and out-lying plants or 


between the country homes and the 
city offices. Already the artificial 
abrasives have mastered the special 
alloys used by the automotive engin- 
eers and made it possible for them to 
reduce the unit weight of engines to 
one pound per horsepower. 

There are few industries in which 
the use of the grinding wheei is not an 
indispensable part. In agriculture 
wherever implements turn or work the 
soil, wherever tractors operate or 
reapers gather crops to feed the world, 
their edges or moving parts are fin- 
ished by grinding. The newspaper, 
which we eagerly scan for our daily 
news of the world events, is rushed to 
the streets at a rate undreamed of in 
the early days of the printer’s trade 
because the moving parts of that com- 
plicated automatic machine are ground 
true by abrasive wheels. And so, we 
could go down the line of our daily 
routine duties and pick out the dif- 
ferent used articles that we accept as 
a matter of course, our razor, clothes, 
well known brands of breakfast foods, 
knives, tools, saws, paper rolls, elec- 
tric and steam engines, pullman cars, 
elevators, typewriters, cash registers, 
and many other essentials, and know 
that all owe their present quality and 
cheapness to the grinding industry. 

But, let us go back a bit and see 
how and when the modern abrasive 
industry received its start and inspira- 
tion that has made all these things 
possible. 

Undoubtedly, the first substance 
used for abrading was the sandstone, 
which is made up of sharp, reasonably 
hard particles of sand, usually 


cemented together with some extran- 
eous material. This sandstone was 
first used in flat surfaces or slabs, but 
later the natural stone was rounded 
out and made into a disc or wheel to 
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be turned on a shaft by hand or foot. 
This development from the earliest 
records of polishing or abrading to the 
use of revolving sandstone wheels 
covers a period of some 3000 or 4000 
years. 

The next step in the grinding indus- 
try was the use of emery and corun- 
dum to replace the naturally bonded 
sandstone. Emery occurs in Turkey, 
Asia Minor and India and it is reason- 
able to believe that this abrasive has 
been used by these people for cen- 
turies. The emery or corundum could 
not be shaped into wheels like sand- 
stone and therefore the uses were lim- 
ited. Emery owes its abrasive qual- 
ities to the crystalline alumina con- 
tent, which, however, is not very high. 
Corundum is the purest crystalline 
form of alumina found in nature. But 
as it is found in nature it is some- 
times difficult to separate it from the 
surrounding rock. The chief differ- 
ence, other than purity, between the 
two natural abrasives is in the size of 
the crystals of alumina, which are very 
small in emery and large in corundum. 

The art of grinding, as we know it 
today, started with the manufacture 
of grinding wheels by artificial means 
from natural abrasives, and that has 
been within very recent 
times. It was about 
1837 that the first 
grinding wheel was 
made, rubber being 
used as a binding agent. 
There was little de- 
velopment of this idea 
until after the Civil 
War. Then the Man- 
hattan Rubber Co. of 
New York made a 
start by mixing crude 
rubber with emery and 
practicing the art of 
vulcanization with 
which the world was 
familiar at that time. 
The next step in com- 
bining emery grains to- 
gether was in the use 
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of shellac as a binder for manufactur- 
ing grinding wheels. 

The real start of our modern grind- 
ing industry was the manufacture of 
a vitrified ceramic wheel in 1879. It 
was in that year that F. B. Norton 
with many years experience as a pot- 
ter conceived the idea of bonding the 
emery grains with potters’ clay. Im- 
pure clay and imported emery grains 
were successfully combined and by 
1883 the small potters’ plant was pro- 
ducing crude grinding wheels. This 
act brought into use a bonded abrasive 
grain far superior as an abrasive than 
the sand grains of the natural sand- 
stones. It was something practical 
and at once proved successful. The 
Norton Emery Wheel Company was 
incorporated in 1885 to replace the old 
pottery company. 

Emery was used extensively to re- 
place the old-fashioned sandstone 
wheels. Everything went well until 
the wheels were used for more accur- 
ate work. It was then that the in- 
equalities of emery grains were dis- 
covered. A more uniform material 
was demanded. After using emery 
from different deposits, it was deter- 
mined to find a substitute more uni- 
form in quality. 

Corundum was tried out but with 
results similar to emery. The corun- 
dum of Georgia, Tennessee, and India 
were all mixed with impurities from 
which it was difficult to separate the 
large crystals. 

It must be borne in mind that other 
materials could not compete with the 
crystalline alumina. of emery and 
corundum because these crystals pre- 
sented cutting edges harder than anv 
known substance except the diamond. 
As the sneed of the wheels was in- 
creased due to the better artificial 
bond the grinding wheel was. immedi- 
ately transformed from an abrading 
tool, or one that rubs off material to 
an efficient cutting tool, or one that 
actually’ cut out chivs of material with 
each contact of the bonded grains. 
This in itself was a_ revolutionary 
change in the principles of the infant 
grinding industry and a change that 
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spurred them on to the discovery of 
more uniform and possibly better or 
harder abrasives to replace emery and 
corundum. 

About this same time—in the nine- 
ties—the electric furnace was being 
developed. In fact, it was a play- 
thing of many experimenters who 
were anxious to know what would 
happen if the extremely high temper- 
atures of the electric arc were applied 
to all sorts of reffactory combinations. 
This new field was very productive of 
results not possible before with ordin- 
ary gas or coal fired furnaces. 

Silicon carbide, SiC, was the first of 
the present commercial abrasives to be 
discovered, the inventor being Mr. 
FE. G. Acheson. Five years later, 1895, 
after quite a struggle a piant was 
erected at Niagara Falls to produce 
this material in quantity. This was 
the start of the Carborundum Co. 
which is still located at Niagara Falls. 

About the same time work had 
started in France to reproduce emery 
from a mineral found near a little town 
called LeBeaux. This ore was oxide 
of aluminum, Al,QOs, containing con- 
siderable amount of impurities. With 
the aid of the electric furnace some of 
this ore was fused down and cooled. 
It was found to be similar to emery. 

In this country, in 1896, experi- 
ments were undertaken by Mr. C. B. 
Jacobs to reproduce corundum from 
the same mineral now called bauxite, 
which was found in this country in 
quantity and in a purer form than the 
French ore. This was the beginning 
of the artificial aluminous abrasives. 
It was soon learned that the impuri- 
ties could be reduced and controlled 
in the electric furnace operation. ‘The 
crystalline product was superior to 
emery because it was of higher purity, 
more uniform in chemical quality and 
was larger in crystalline structure. 
These same qualities made it more de- 
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sirable than corundum. A small plant 
was first operated at Ampere, N, J., 
where the original experiments were 
made. Later in 1897 a plant operated 
at Rumford Falls, Maine. The Nor- 
ton Emery Wheel Co. became inter- 
ested immediately, purchased the pat- 
ent rights and in 1900 built and oper- 
ated a plant at Niagara Falls where 
power contracts were much more 
favorable than elsewhere. 

Briefly, that is the early history of 
the two leading artificial abrasives now 
extensively used, silicon carbide and 
crystalline alumina, 

Each has its own particular field for 
use because of physical characteristics. 
Silicon carbide is harder—on the scale 
of hardness—than crystalline alumina, 
but it is brittle and breaks down read- 
ily. For that reason it is used exten- 
sively for the softer metals, copper, 
brass, bronze castings, zinc and similar 
metals. The aluminous abrasive is 
used for the heat treated steels, alloy 
steels and tougher and harder metals 
because the crystals of alumina are 
themselves tough and will withstand 
severe shocks without breaking down. 
A scheme of determining the correct 
abrasive to use based on the tensile 
strength of the materials to be ground 
has been fairly successful. The silicon 
carbide abrasives are most efficient 
with the low tensile strength mate- 
rials; the aluminous abrasives are best 
with the high tensile strength mate- 
rials; while the two abrasives overlap 
in the middle ground between these 
extremes in tensile strength. 

Not only are the two abrasives dif- 
ferent in appearance, hardness and 
strength but the methods of produc- 
tion are also very dissimilar. 

Silicon carbide is a chemical com- 
pound formed between very definite 
temperatures—1850-2250 degrees C., 
in a resistance type of electric furnace. 
The purity of the product depends 
upon the purity of the raw 
materials used,—coke, sand 
and sawdust. In other words, 
no elimination of imourities 
takes place within the fur- 
nace. While the aluminous 
abrasive is produced by a 
fusion and purification pro- 
cess carried out simultane- 
ously in an arc furnace. The 
raw amorphous bauxite ore, 
which is a clay-like material 
containing 55 to 60% 
A12QOzg, is converted to a 
hard, tough, crystalline pro- 
duct with the Al».Oz« content 
increased to 95 or 96%. 

As stated before, silicon 
carbide was the first artificial 
abrasive substitute for emery 
and corundum. It is a beau- 
tiful cluster of crystals con- 
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taining under certain conditions all 
colors of the rainbow. It is rather diffi- 
cult to convince most people that such 
a cluster of colored jewels is made from 
common coke, sand and sawdust. It 
is a fact, however, and all that is nec- 
essary to do is to apply heat to 
properly mixed coke, sand and saw- 
dust and iridescent crystals of silicon 
carbide will be produced. That seems 
simple enough. Actually, the opera- 
tion is much more involved. The high 
purity of silicon carbide depends upon 
the proper selection of the coke— 
either pitch coke or petroleum coke, 
low in ash content—the proper’ selec- 
tion of sand, which should be the best 
grade having at least 99.5% SiO. con- 
tent, and a proper grade of hardwood 
sawdust. These mixture materials are 
carefully sampled, analyzed and 
weighed out according to chemical 
quality of each material. The propor- 
tions of sand and coke are based upon 
the well-known reaction which takes 
place in this furnace— 
oe + 3 Cm SC + 2 CO 

The sawdust is added to make the 
mixture porous and to allow the large 
quantity of CO gas to escape freely. 
It is an interesting fact, that for each 
ton of SiC formed there are 1.39 tons 
of CO gas liberated. This gas, fortu- 
nately, is immediately burned to CO, 
at the surface of the furnaces or other- 
wise the presence of so much poison- 
ous gas around the plant would make 
working conditions impossible. 

The economic production of silicon 
carbide depends upon several varia- 
bles, some of which are, size of fur- 
nace, rate of power, and total power 
input, the proper size of core or con- 
ducting path through the mixture and 
the correct proportions of sand, coke 
and sawdust for the mixture. 

The product from the furnaces is 
easily broken up into small lumps. In 
this condition it is delivered to the 
grain department and the crude abra- 
sive is prepared into well-shaped 
grains. 


These grains are in turn sold 
(Continued on page 206) 

















































The Pictorial Section 


A description of the fundamental processes in the Iron and Steel Industry 


As the iron and steel industry is the 
largest and most important of the 
basic industries, it seems well to de- 
vote a few pages to an illustrated 
description of some of the steps in the 
production of these metals. Most of 
our iron ore is found in the Lake Su- 
perior region where much of it is mined 
from open pit mines with steam 
shovels. The ore as delivered consists 
of iron oxides and carbonates mixed 
with small amounts of combined 
sulphur, phosphorous and manganese 
with more or less sand and clay and 
moisture. The iron is obtained from 
this ore by reduction with carbon in 
the form of coke. The coke is pre- 
pared by heating coal in a retort till the 
volatile matter has been driven off. 
The gases leaving the coke are taken to 
the by-products plant where they are 
used to furnish a great many valuable 
substances. Each ton of coal yields 
about 75% of coke, ten thousand feet 
of gas, five gallons of tar, twenty-five 
pounds of ammonium sulphate, one to 
four gallons of benzol and a small 
quantity of toluol. An efficient by- 
products plant will more than pay for 
the whole coking process. After the 
coal has been converted into coke the 
coke is pushed out of the oven as 
shown in Fig. 1. The coke falls into 
a car and is taken to a quenching 
station where it is cooled with cold 
water. 

The first step in the reduction of 
the ore takes place in the blast furnace 
shown in Fig. 2. This furnace is 
charged with a mixture of ore, coke 
and flux. The blast furnaces are con- 
structed of steel, lined with brick and 
range from 80 to 100 feet in height 
and from 18 to 22 feet in diameter. 
The charge is carried to the top of the 
furnace by a mechanical conveyor 
shown at the left of Fig. 2. The charge 
is placed in the furnace through hop- 
pers so constructed that when the 
operation is carried out, there is little 
loss of gas from the furnace. 

A blast of highly heated air enters 
the furnace through pipes called the 
tuyeres, and rising through the charge 
converts the carbon near the bottom 
into carbon dioxide. The latter is sub- 
sequently reduced by the hot carbon 
near it to carbon monoxide, which rises 
up through the furnace and reduces 
the oxides of iron. The air for the 
furnaces is heated in huge stacks, 
called stoves, shown to the right of the 
furnace in Fig. 2. They are 100 feet 
high and over 20 feet in diameter. 
The interior is filled with open brick 


work. The gas which issues from the 
top of the turnace is led to the gas 
cleaners through a pipe called the 
“downcomer.” ‘This gas contains over 
2U% of carbon monoxide and pos- 
sesses a high heat producing value. 
The greater part of this gas is used in 
the stoves and the remainder after be- 
ing freed from dirt, is used in the gas 
engines as a source of power. ‘lhe 
stoves are alternately heated and 
cooled being used in pairs. The gas 
is burned in the stove, the heated 
products of combustion passing 
through the checker work for an hour 
or more, heating the bricks to their 
full heat-absorbing capacity. The gas 
is then turned off and sent to another 
stove, while the air blast, supplied by 
the blowing engines of the blast fur- 
naces, is passed through the heated 
stove in the opposite direction. The 
air absorbs the heat from the bricks 
and then enters the blast furnace at a 
temperature of from 1000 to 1400 de- 
grees Fahrenheit. 

Blast furnaces are run continuously 
for years, the slag is tapped off through 
tapping holes at intervals of about two 
hours and the iron every four or six 
hours. The slag is treated and used 
in cement making, for road building, 
and for other purposes. The molten 
iron is either converted directly into 
steel or run into molds and cast into 
“pigs.” 

The iron as it leaves the blast fur- 
nace must be further refined and made 
into steel before being used for rails 
and other industrial uses. The impur- 
ities such as phosphorous and sulphur 
must be removed and the carbon con- 
tent must be regulated to give the de- 
sired qualities for the particular use 
to which the steel will be put. 

The principal process for the con- 
version of iron into steel is the open 
hearth process shown in Figs, 3 and 5. 
In this process a layer of scrap iron 
is placed on a shallow saucer shaped 
hearth, enclosed with firebrick and re- 
fractories and called a furnace. On 
this is placed a layer of pig iron and 
more scrap. Hot gases are forced 
into the furnace and made to burn 
alone and around the metals heaped 
on the hearth. The pig~ iron runs 
down over the scrap and a slag forms 
over the whole surface. The silicon 
and manganese are first to burn off 
and then the carbon is changed to gas 
and burns. ‘This leaves a character- 
less molten iron which is shown issu- 
ing in Figs. 3 and 5 from the furnace. 
As the metal flows into the ladle 
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weighed quantities of carbon and man- 
ganese alloys are added and in the 
case of alloy steels, vanadium, chrom- 
ium, tungsten nickel or other alloying 
elements are added at this stage. 

Fig. 4 shows an electric furnace 
which is used in many plants now to 
produce steel. The heat for the pro- 
cess is derived from electricity arcs. 
The chemical reactions are about the 
same as in the open hearth process. 
Fig. 6 shows the Bessemer converter 
which is very widely used in our steel 
industries. In this process a large 
steel vessel about 12 feet in diameter 
and 20 feet high is tipped on its side 
and molten pig iron is poured into its 
mouth, A blast of air at a pressure of 
about 20 lbs. per square inch is turned 
on at the rate of 20,000 cu. ft. per 
minute and the converter turned up- 
right. The blast of air going through 
the hot metal burns out most of the 
impurities leaving a characterless iron. 
To this is added the desired amount 
of carbon and other alloying ele- 
ments. 

After steel of the desired composi- 
tion has been made by any of the 
above processes, it is put into ladles 
and then poured into ingot molds. 
After the ingots have cooled enough to 
stand alone, the molds are puiled off 
by a stripper as shown in Fig. 7. The 
ingots often weigh about 5000 pounds 
and are about 18 inches square by 6 
feet high. After pouring and remov- 
ing the ingot from the mold, it is tak- 
en to the soaking pits. This is shown 
in Fig. 8. The soaking pit is a fur- 
nace holding from 4 to 8 ingots at a 
time and kept at a very high tempera- 
ture for about two hours. By this 
time the ingot is at an even tempera- 
ture throughout and ready for roll- 
ing. 

The yellow hot ingots are then 
rolled between great steel or cast iron 
rolls as shown in Figs. 9, 10 and 12. 
The type of roll used being dependent 
on the desired shape. Fig. 11 shows 
the furnace charger which is almost 
human in its actions. It takes iron 
and places it in the open hearth fur- 
naces. 

This has been a very brief sketch 
of one of our leading industries but 
the interested reader should by all 
means visit a steel mill. In closing, 
we wish to express our appreciation 
to the United States Steel Corporation, 
the Bethlehem Steel Corvoration, the 
Lebanon’ Steel Corporation and the 
Ford Motor Co. for permission to use 
pictures of their plants and equipment 
in this issue. Apam K. Srricker, Jr. 
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EDWARD P. WARNER 


The part that Technology has 
played in the advancement of the 
science of Aeronautics has recently 
received formal recognition and wide- 
spread acknowledgment in the form 
of an honor conferred by the nation 
upon her leader in that field—the 
appointment as Assistant Secretary of 
the Navy in charge of Aeronautics of 
Professor Edward P. Warner. 

Professor Warner received his Mas- 
ters Degree from. Technology in 
1917, and ever since has been con- 
nected with the Aeronautical Depart- 
ment of the Institute. During this 
time, he has made the aeronautical 
studies offered by the Institute of such 
value that graduate students from 
everywhere have come to Technology 
to obtain the latest, most valuable 
and most reliable information avail- 
able in that field. The U. S. Army 
and Navy Air Corps have recruited 
their finest aeronautical engineers 
from graduates of Professor Warner’s 
courses. Both have made it a policy 
to send their aeronautical men here 
for specialized instruction. 

When the infant aeronautical indus- 
try, including both manufacture and 
operation, had grown to a position of 
importance in the life of the Nation, 
Technology was fully prepared to add 
another course to its catalog, Course 
XVI, Aeronautical Engineering.” At 
its head was placed the man who had 
so guided Technology’s activities in 
that line that it was possible, when 
the time came, to group them together 
into a course of already proved merit. 

Meanwhile, Professor Warner has, 
by increasing study and research, 
made himself recognized as the fore- 
most authority on the theory of aero- 
nautics, as well as a master of prac- 
tice. He is admirably fitted to meet 
the problems confronting him in his 
new position.. We know that he will 
make most efficient use of all the re- 
sources at his command and wish 
him the best of good luck—especially 
do we wish him freedom from the 
meddlesome, devastating hand of Pol- 
itics—and look forward to his return 
to the Institute when his work in 
Washington is done. 


COURSE XVI. 

With our return this year we find 
a new course, a new line of endeavor, 
added to our already long list of avail- 
able undergraduate programs of work. 
lhe long mythical Course XVI is at 
‘ast a reality, offering a complete four 
rear list of subjects leading to a de- 
‘ree in Aeronautical Engineering, and 
‘quipping a man with an excellent 
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all-round knowledge of the problems 
and underlying principles, not only of 
aircraft design and construction, but 
also of their operation. 

Heretofore work in Aeronautics at 
the Institute has been open to gradu- 
ate students only, and it seems espe- 
cially fitting that this year should 
mark its expansion. We firmly be- 
lieve that the past year will stand out 
as the year marking the end of a long 
period of transition,—during which 
aviation has metamorphosed from a 
“game” to a recognized industry of 
considerable national importance. 
Spasmodic government contracts in 
the past few years have kept open- 


THE COVER 
The original of the striking pencil 
sketch reproduced on the cover of this 
month’s TECH ENGINEERING NEWS 
is found in a collection of war sketches 
by Muir Head Bone. It is a drawing of} 


a shipyard as seen from the top of a huge 
hammer-headed crane—the artist looking 
downward between the flanges of the 


jib. The maze of intricate detail is 
forced to yield the effect of massive sig- 
nificance and the story of steel m 
industry is told in a single picture. 





aircraft plants alive, so that now the 
survivors are ready to meet on a sound 
basis, the five-year steady contracts 
authorized by Congress last year for 
the construction of planes for the 
services. 

With the standing of the industry 
assured and larger capital backing, the 
industry is sure to expand rapidly with 
the result that many specially trained 
men will be required each year. M.L.T., 
always a leader in all engineering fields, 
has again anticipated the needs of the 
country. With a very brilliant record 
of achievement from her graduate 
Aeronautic students already, with the 
finest equipment in the country, and 
with an exceptionally fine instruction 
staff the new course is starting under 
the most favorable auspices and at a 
most favorable time. 

All success to the course and to the 
men who will graduate from it! 


A CORRECTION 

In the article accompanying the 
Pictorial Section in our May 1926 
issue, on page 120, there is an error. 
In reference to Fig. 11, the weight of 
the unit is given as 30 tons. This 
should be 85 tons for the revolving 
element, bringing the total weight 
of the mechanism somewhat higher. 

In reference to the Gyro-Compass, 
we have procured some figures. The 
weight of the rotor wheel is about 50 
pounds and its speed is 6000 r.p.m. 
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A NEW FEATURE 

There is a tremendous amount of 
research going on in the Institute 
which is original, important and tre- 
mendously interesting. Yet no one 
knows of any of this work unless it is 
in his own department. Too often 
only a portion of any department’s 
work is know to anyone other than 
the department head. This condition 
has arisen from very definite causes, 
chief of which is the fact that much 
of the work is privately financed and 
the results are private property. 
Further, there has been no incentive 
to acquaint others than those primar- 
ily concerned with the trend of those 
endeavors which can be made public 
until something of value has been 
accomplished and important results 
reached. 

In the face of this seeming secrecy 
is a very widespread desire to know 
what the various research agencies in 
the Institute are doing. Individual 
attempts to keep informed are soon 
discouraged by meeting frequently 
with a seeming rebuff when the work 
inquired about proves to be of a con- 
fidential nature. In order to make it 
possible to follow the interesting work 
and its results, The Tech Engineering 
News, beginning in the next issue, 
will include a new feature page to be 
known, perhaps, as Departmental 
Notes. It will cover the work of 
three or four departments in each 
issue, and in time will form a com- 
prehensive survey of the nature of all 
the research in the Institute that can 
be published, as well as the social ac- 
tivities of the department. This page 
will be both interesting reading and 
very enlightening concerning the scope 
of the work of the Institute and its 
relation to industry. 

One little incident will serve to 
illustrate this last point. Users of 
one type of textile machine are con- 
stantly bothered because it is impos- 
sible to use oil as a lubricant, and 
the graphite used in its place soils the 
thread handled by the machine. The 
problem was to find a lubricant that 
would neither damage nor soil. One 
large user of such machines came to 
the Institute with the problem. The 
Chemical Engineering department 
solved it. The substance evolved re- 
placed the graphite, was white and 
non-injurious to textile fibres. 

This story is short but interesting. 
As we said before, the Department 
Notes page will make interesting 
reading. 
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Excerpts from the leading professional and trade journals 


PREVENTION OF CORROSION 
of iron permanently has apparently 
been made possible by a discovery in 
Switzerland. The annual Joss due to 
the rusting of iron amounts te millions 
of dollars. Zinc, tin, nickel, and or- 
dinary lead paint are useful preven- 
tives but they do not last. 

This new discovery consists of a 
lead paint which affords a complete 
and permanent protection to iron. 
‘This paint is made by melting lead in 
an electric furnace and _ blowing 
through it air and certain reducing 
gases, so that a dross or scale is pro- 
duced which consists of colloidal or 
extremely finely divided lead dis- 
persed in yellow lead oxide. When it 
is finely powdered and mixed with 
specially prepared linseed oil, and ap- 
plied to an iron surface, very minute 
particles of lead separate out and 
gradually penetrate into the surface 
of the iron. The presence of the lead 
in the treated iron has been proved 
by photomicrographs and by chemical 
analysis. Iron painted with this new 
paint has not shown any signs of 
rusting after prolonged exposure, or 
after being heated in steam. 


A NEW DYE called “neocyanin”’ 
and used for photographing intra-red 
rays has recently been developed. It 
will be remembered that the ordinary 
photographic plate is sensitive only to 
a very short band of light rays, chiefly 
those of blue light and the shorter 
ones of the invisible ultra-violet rays. 
It can, however, be sensitized to other 
colors by the use of dyes. The new 
dye makes them sensitive to light 
waves of 1/22,000 of an inch, while 
the longest rays visible to the naked 
eye are 1/30,000 of an 
inch. 

Plates treated with the 
new dye may prove a great 
aid to spectroscopy in the 
investigation of the infra-red 
region of stars which hither- 
to was impossible to do ac- 
curately. 


PARACHUTE LANDS 
PLANE. Recently a Naval 
Reserve Pilot took a Jenny 
plane weighing 1,800 lbs. to 
an altitude of 2,500 ft. and 
then after stopping the en- 
gine released a giant para- 
chute attached to the plane. 
The parachute brought both 
the plane and pilot safely to 
earth. - The descent was at 
the rate of 38 ft. per sec. 
and the plane landed three 





and one half miles west of the starting 
point. 





U. S. Naval Inst. 


MAUBLANC-LALLIE MARINE 
PROPELLER 


NEW MARINE PROPELLER 

The Maublanc-Lallie Marine Pro- 
peller was designed with the purpose 
of increasing the effective surface. It 
has long been known that the portion 
of the surface of a propeller inclined 
at 45° to the axis, operates at the 
maximum efficiency. In order to in- 
crease this surface, the propeller had 
to be given an unusual shape which 
varies with the conditions under which 
it is to be used. The shape is such 
that in rotating it describes a trun- 
cated cone. 





Copyright Aviation 

THE SAUZEDDE WHEEL BRAKE 
The first successful airplane wheel with integral brake. 
cooling fins on the drum. 
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Note the 


In operation the wake with this 
propelier is very narrow which proves 
that the propulsive effort is exerted 
along the axis with a minimum of 
sidewise projection of the liquid. 

This new marine propeller has been 
installed and tested on several vessels 
previously equipped with ordinary 
propellers and the substitution has 
given very gratifying results. On the 
S. S. Brevin the old four blade pro- 
peller 65.3 inches in diameter was re- 
placed by a Maublanc-Lallie three 
blade propeller 60 inches in diameter. 
The engines ran the old propeller at 
250 r.p.m. while the new propeller at 
212 r.p.m. gives the ship the same 
speed as before. This reduction in 
the number of revolutions means an 
economy in fuel and longer life of the 
engine. The efficiency of the pro- 
peller in reversing was shown to be 
particularly good. Running at full 
speed ahead a vessel was stopped 
within one length. Moreover vibra- 
tion is greatly reduced when this pro- 
peller is used. The reduction of the 
vibration of a 500 ton tugboat was 
very startling when the conventional 
propeller was replaced by one of the 
new type. 


AIRPLANE WHEEL BRAKES. 
The first airplane wheel with integral 
brake has recently been placed on the 
market and has proved so successful 
that it has been adopted by many of 
the leading plane manufacturers. 
Also the Army Air Corp is making a 
test of the brakes at McCook Field. 
The wheel is of light construction with 
spokes, hub and axle of an alloy com- 
: position. The spokes are in 
three banks, arranged so as 
to take care of every landing 
strain. The brake is oper- 
ated by a wire enclosed in 
the steel tubing of the land- 
ing gear and running to the 
rudder bar pedals. The 
brake mechanism is of the 
self-emerging type and oper- 
ates with equal force in for- 
ward and reverse motion of 
the wheel. 

According to tests, brakes 
decrease the landing roll of 
planes by two thirds. They 
are also a great aid to a pilot 
in enabling him to lock the 
wheels while he is warming 
up the engine and to stee! 
his plane about the field and 
even into the hangar. 
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LARGE TESTING MACHINE. A 
large universal testing machine has 
been built for the purpose of testing 
the structural members and details of 
the Sydney Harbor arch bridge. This 
machine of remarkable size is of hori- 
zontal arrangement and has a load 
capacity of 2,800,000 Ibs. Its length 
and internal clearances are sufficient 
for testing built-up members 50 ft. 
long and 45 in. square in either ten- 
sion Or compression. For transverse 
tests, a special crosshead girder will 
receive members. 42 in. thick, of any 
depth, and 20 ft. in span. 

Most of the important parts of the 
Sydney Harbor bridge will be tested 
full size in this machine, but it will be 
necessary to test the largest members 
in model size. 


which transmits the pull of the load 
to the weighing steelyard. 

The machine is 120 ft. long over all. 
All manipulations necessary during a 
test are made from the operator’s 
stand at the weighing end, where the 
controlling valves for the hydraulic 
ram are also located. Operating pow- 
er is furnished by a battery of high 
and low pressure accumulators served 
by two sets of double acting motor- 
driven pumps. 


The United States Bureau of 


Standards in Washington has an Olsen 
machine which has a load capacity of 
10,000,000 Ibs. and can take specimens 
up to 24 ft. in length, but is fitted for 
compression tests only. The most pow- 
erful tension testing machine in this 
country is owned by the American 
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The Tower of Light is 200 feet high 
and has a 62 inch Sperry searchlight, 
the largest ever built, mounted on top 
of it. 

Twenty-four searchlights used at 
the exposition grounds have a com- 
bined intensity of 10,800,000 candle 


power. 


WETTEST SPOT ON EARTH. 
The lowest temperature ever recorded 
on the earth’s surface was —90°F. at 
Verhoyansk in Siberia in January, 
1885 and 1892. The record for 
heavy annual rainfall is held by a 
planteau northeast of Calcutta at an 
elevation of 4200 feet. This spot 
shows annual falls ranging from 427 








Copyright Eng. News Record 
HUGE TESTING MACHINE BUILT FOR TESTS 


Lower views: Left—Hydraulic arrangement for applying loads; Right—Hydraulic and poise weight controls. 


This machine uses hydraulic pres- 
sure for applying the load. The hy- 
draulic plunger is 32 in. in diameter, 
has a stroke of 5 1-2 ft., and is copper 
plated to protect it from corrosion. 
The plunger is returned by a 20 in. 
stationary plunger. 

The load is measured at _ the 


opposite head by means of a lever 


weighing system. The weighing me- 
chanism has four primary levers, each 
with knife edges 62 in. long, giving a 
knife-edge length of nearly 21 ft., 
proportioning the load on a basis of 5 
tons per inch of length. These levers 
give a reduction of 6 to | and are fol- 
lowed by a 5 to 1 bell-crank lever 





Bridge Co. It is used for testing eye- 
bars and has a capacity of 4,000,000 
lbs. and can test bars up to 35 ft. in 
length. 


AT THE SESOUI-CENTENNIAL 
more lavish use has been made of 
lighting than at any previous affair 
of this kind. The outstanding light- 
ing feature is the luminous Liberty 
Bell at the Plaza. It towers eighty 
feet above the sidewalk and contains 
over 26,000 fifteen-watt lamps. The 
structure contains eighty tons of steel 
and is built on a foundation thirty feet 
deep, made of wooden piling and con- 
crete capping. 





OF STRUCTURAL PARTS OF THE SYDNEY HARBOR BRIDGE 


to 449 inches which is more than ten 
times that of the average of the east- 
ern United States. At a point in the 
Hawaiian Islands a fall of 561.86 
inches was noted in 1918. The least 
fall on records for a long period is 1/5 
of an inch at Iquiqui in the Chilean 
nitrate desert. A locality may have 
very frequent rains and not have an 
unusually high annual rainfall as wit- 
nessed by the fact that at a point in 
the Marshall Islands, 336 rainy days 
have been noted in one year. A trav- 
eler in the Orinoco basin said that in 
the dry season it rained every day, 
and in the wet season all the time. 
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Interesting notes from the Editor's desk 


A NEW INSULATING MATERIAL 

French technicians. have finally 
perfected this new ceramic, insolantite, 
on which they have been working 
since the World War. This material 
is superior, both electrically and me- 
chanically, to any previously known 
insulator. 

A fine powder through which a cur- 
rent of a certain gas has been passed, 
is compressed under a pressure of 
about 25 tons per square inch. This 
great pressure, together with the 
catalytic effect causes the powder to 
coalesce into a solid mass. It can be 
made into rods with diameters rang- 
ing from 1/16” to 10” and tubing with 
either thin or thick walls. The blocks 
or rods can be machined as easily as 
brass or soft steel. 

After the pieces have been ma- 
chined, they are fired at a tempera- 
ture of 2700° Fahrenheit for one min- 
ute. This firing makes the material 
as hard as agate and as tough as cast 
iron. The threads of a steel screw 
will be stripped before the threads in 
a block of isolantite will give way. 

This material has a resistance of 
high frequency of 5 x 1015 ohms per 
square cm. of surface and a break- 
down resistance of over 30,000 V. per 
millimeter of thickness. It shows a 
phase difference of only 6 minutes at 
the most, compared wtih 26 minutes 
for hard rubber, and higher values 
for other insulating materials. Its 
dielectric constant is only 3.6 at low 
frequency, and still lower at high 
frequencies. These characteristics 
make it very valuable for use in high 
frequency work such as radio, spark 
plugs for airplane engines, etc. Iso- 
lantite also has a wide chemical appli- 
cation because it is non-porous and 
will not absorb liquids even though in 
constant contact with them. 


TRADITION 


The old Grecian custom of carrying 
fire from the homeland to the colonies 
has been carried out by the Consoli- 
dated Gas Company of New York in 
opening new plants, for over a century. 
Every time the company has opened 
a new plant burning coals have been 
carried from the nearest established 
plant, not by runner as did the 
Greeks, but by motor truck, to start 
the fires in the new ovens. This 
means that heat is now furnished to 
make gas in New York City from a 
coal fire started in 1823. The officials 
of the company say that tradition will 
always be carried out. 


THE COLLEGE MAGAZINE 


The world is full of magazines—I tumble for 
them all; 

The postman opens wide the door and piles 
them in the hall. 

I stumble over Rustic Life when I start off at 
morn, 

And wipe my feet at evening on the Bolshevistic 
Thorn. 

I cannot read the printed stream that riots 
thru my door, 

For I’m too busy striving to increase my 
worldly store. 

I haven’t time to masticate this. mass of 
printer’s ink, 

And if I tried to read it all I’d have no time to 
think, 

I amble gently on my way and let the flood 
roll by, 

But now and then a sparkling sheet attracts 
my eagle eye. 

I fish it out and open it and bless old Cadmus 
then, 

For he has made it possible to print the 
thoughts of men. 

And first among these choicest ones I count 
the magazine 

That comes to me with college news that keeps 
my memories green. 

The college journal that the boys so gravely 
labor o’er! 

They have my full comprendez vous,—TI too 
have done that chore. 

I labored early, labored late and drained my 
thinkpot dry 

To get December’s issue out e’er June exams 
rolled by. 

I wrestled with our students who were frozen 
to their pelf, 

And pleaded with alumni who were centered 
all in self. ; 

I rustled ads around the town fntil the mer- 
chants there 

Arose in righteous self defense and chased me 
off the square. 

And when I thought I had a bone hid in our 
treasury, 

The printer sent a billet due and took that 
bone from me. 

I thought my efforts would exalt my alma mater 
dear, 

Perhaps so, but the profs. took stock and canned 
me out that year. 

I think of these old college days as each fall 
rolls around, * 

And when they ask me to subscribe I’m eager 
as a hound. 

I send that measly dollar bill a kiting on its 
way, 

I know I'll get my money’s worth and make 
some young hearts gay. 

I waste a plenty every year, but one investment 
pays,— 

The coin I spend to buy a breath of dear old 
college days. 

The host of famous magazines lies piled up on 
the floor; 

I tear the wrapper from the little piebald two 
by four. 

I read the happenings upon the campus where 
I used 

To hustle up and down with pals and co-eds 
fair. 

From A to Z I read it through, including Eds 
and Ads, 

And then I heave a solemn sigh and say, “God 
bless them lads.” 

You, too, my son, will bless them if you'll 
loosen up your roll 

And spend one loné simoleon for tonic for your 
soul. 
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ENGINEERING AS IT IS 

The “Hazardous Engineering Serv- 
ice, Inc.,” has been incorporated in 
the State of New York. Judging 
from the experience of a good many 
who try to practice engineering the 
name might have universal appeal. 
Apparently what they are going to do, 
however, is to sell dyeing and clean- 
ing concerns some machinery. And 
gasoline, when rubbed on cloth, is 
hazardous. 


THE SINGING FLAME AGAIN 

From England comes a new gas- 
burning phonograph in which a gas 
flame is made to reproduce the music. 
Vibrations from the diaphragm are 
transmitted to small gas burners at- 
tached inside the soundbox and it is 
said that the music thus produced is 
of unusual purity—particularly in the 
case of violin music. 


AUTOMATIC ORCHIDS 


The importation of orchid plants 
into this country is no longer neces- 
sary as it has been found possible to 
grow them here from the seed with 
proper care and temperature condi- 
tions, Automatically controlled gas 
heat maintains a daytime temperature 
of 90 degrees F. and a nighttime 
warmth of 70 degrees F. for a year, 
at the end of which time the plant is 
formed and ready for transplanting. 


THE DEATH NOISE 
Professors R. A. Wood and A. L. 


Loomis of Johns Hopkins University 
have now brought us a supplement 
to the “death ray”—the “death 
noise.” This “noise” is inaudible to 
human ears, the waves having a fre- 
quency of from 100,000 to 400,000 per 
second while the limit of audibility to 
human ears is from 20,000 to 30,000 
per second. However, this inaudible 
“noise,” generated by electrical ap- 
paratus, when directed in a beam to- 
ward the surface of the water, caused 
the surface to heap up in,a mound. 
The vibrations heat the water, a rise 
of nearly ten degrees Fahrenheit hav- 
ing been recorded. The sound waves, 
so directed, killed small fishes and 
other aquatic animals in vessels of 
water in less than a minute. 
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Why nott— ™ 


a vaudeville manager 


for “faculty adviser’? 


| apestgnr ied understands the principle of a bal- 
anced program better than the manager of a 
vaudeville house. 

That’s a thought to you men now making out 
your study programs. Balance the chemistry 
with English literature; balance your calculus 
with economics. 

It all gets down to the fact that in industry 
today, electrical communication included, you 
will find men well-grounded in their specialty but 
broad in human sympathies—men of the “‘all- 
around’’ type who can shoulder big responsibility 
in a big organization. 
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Recent Books 





This department conducted in co-operation with the Technology Library 


Diesel Engines (Marine, Locomotive, 
Stationary). By David Louis Jones, 
Chief Machinist, U. S. Navy. New York: 
Norman Henley Publishing Co. 1926. II- 
lustrated. 


The author of this book has tried to avoid 
the fault of most books on Diesel engines in 
plunging too deeply into thermodynamics and 
theory. To this end he has limited the scope 
of this work to the elementary principles, care 
and operation of the Diesel engine, for the 
practical operating engineer. The author de- 
votes a short chapter to an elementary discus- 
sion of thermodynamics which _ illustrates 
chiefly the fundamental thermal principle of 
the Diesel cycle. Reference to this chapter, 
so far as the employment of symbols is con- 
cerned is made in only two subsequent chap- 
ters. Nevertheless, the theory of operation is 
not lost sight of as the author is careful to 
explain both why and how the various parts 
function. 

A chapter on “Elementary Principles” effects 
a good transition from theory to practice and 
should be easy for the beginner to understand. 
Following this is a chapter on efficiencies which 
compares the Diesel with steam turbine in- 
stallation. Next is a description of construc- 
tional details as developed by various manu- 
facturers. Separate chapters treat with con- 
siderable detail such parts as spray valves, 
fuel pumps, fuel systems, governors and vaive 
gears. Various features of their construction 
and operation are shown by plates, sketches 
and diagrams which make the tunctions oi 
these important parts entirely clear. 

Engine testing is touched on only in a gen- 
eral way, though there is a chapter on indi- 
cator cards and testing which may be helpful 
to the operator who is trouble-hunting by the 
indicator method or is trying to improve gen- 
eral efficiency. A chapter on the “Operation 
of Diesel Engines” explains the steps to be 
taken in starting, running and stopping a 
typical plant; and includes some common de- 
rangements with their correct remedies. 

Detailed descriptions of various representa- 
tive types of Diesel engines are contained in 
some 350 pages of the book. 

The advantages of wW.esei-eiectric drive over 
equivalent steam drive are brought out forci- 
bly. The detail and operation of the electric 
end of this drive is dealt with at length. A 
chapter follows which treats of the application 
of this type of drive to locomotives. 

The volume is concluded with chapters 
treating on the properties of lubricating and 
fuel oils, marine rules applying to Diesel con- 
struction and a set of “pointers” for the opera- 
tor. It is a book for the practical man who 
wishes to know both “why” and “how” and 
‘s elementary enough for the beginner and suf- 
ficiently advanced for those who have had 
Diesel engine experience. 


A Treatise on Hydraulics. By Hector 
J. Hughes, A.B., B.S., Dean of the En- 
gineering School, Harvard University; 
and Arthur T. Safford, A.M., A.S.C_E., 
A.S.M.E. New York: The Macmillan 
Co., 1926. 360 pp. 


This is a most complete work on practical 
hydraulics. It contains the most trustworthy 
information available on the subject presented 
in a most logical and convenient form. 

The material presented has been confined to 
the fields of water flow and its measure- 
ment, water pressure arid the stability of simple 


structures presented to it, and the basic prin- 
ciples of water motors. The discussion of 
nozzles is made most complete by the inclu- 
sion and treatment of many formulas and 
tables. 

Chapter XIII, on weirs, is perhaps the most 
valuable part of the whole book. The student 
can turn to this source for the most valuable 
information and complete data and formulas 
pertaining to the most accepted methods of 
weir measurements. In the next chapter an- 
other popular method of stream gauging—float 
and current meter measurements—is given a 
brief resume. Chapter XV, on flow of water 
in pipes and conduits is similar to Chapter 
XIII in that it furnishes a large amount of 
collated data on flow in pipes and open chan- 
nels, well presented in convenient form. The 
last two chapters consider briefly the dynamic 
action of flowing water, water wheels and 
pumps. There is an appendix which contains 
material of exceptional value for expediting 
the solution of problems both for the practical 
man and the student. 

This book makes an excellent supplement to 
the usual text on hydraulics and it is to be 
highly recommended to the student and to the 
pacticing engineer, 


Fuels and Their Combustion. By 
Robert T. Haslam and Robert P. Russell, 
Professor and Assistant Professor, re- 
spectively, of Chemical Engineering, 
Massachusetts Institute of Technology, 
809 pp. McGraw-Hill Book Company, 
Inc., New York. 1926. 


Technical books generally fall in one of two 
classes: either they are suitable for use as col- 
lege textbooks; or they are best fitted for use 
as reference works or guides for men in indus- 
try. The present work, although said to be 
based on a lecture course given at M. I. T.., 
plainly falls into the latter class. Its scope is 
so very broad and it deals in such a compre- 
hensive way with its subject that it is hard 
to imagine it used as a text except in a course 
in which the aim was to prepare combustion 
specialists. 

For the user of fuels, the man in the plant, 
this book should prove of highest value. It 
covers the subjects of coal, petroleum, and 
raseous fuels completely, their origin. prepara- 
tion and use being simply but well brought 
out. The chemical and physical bases of 
combustion are treated and some 68 pp. de- 
voted to the important topic of combustion 
calculations. Several long chapters are devoted 
to furnaces and other combust-on devices. Fur- 
nace efficiency, heat losses and methods of fig- 
uring heat balances are fully treated. Those 
unit processes of chemical engineering that are 
closely bound up to combustion—flow of fluids 
and heat transfer—receive due notice. And 
finally, although the reason for this inclusion 
is hardly clear, some 150 pp. are devoted to 
an account of the manufacture of producer 
gas, water gas and oil gas, and to the carboni- 
zation of coal. 

As intimated, this work is a veritable cyclo- 
pedia for the fuel user. In addition, the infor- 
mation on the various topics is sound, up-to- 
date and concise. Much praise is due the 
authors for the way in which they have gath- 
ered their facts together and compiled them. 
All things considered, this work appears to be 
the most useful so far produced for those who 
use fuels and combustion processes. It is 
earnestly recommended to their attention. 

G. L. Montcomery in Chem. & Met. Eng. 
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Roman Architecture. By G. T. Rivoira. 
Translated by G. McN. Rushforth. Ox- 
ford University Press, 1925. Illustrated. 

This work is the last of a great student of 
the evolution of architecture. It was  pub- 
lished in 1921, after his death, and translated 
to the English and published in 1925. 
Roman Architecture deals with the architecture 
of Imperial times, from the end of the Repub- 
lic to the fall cf the Western Empire. Its 
main thesis is a development of the theory 
that Roman architecture has wielded the pre- 
dominating influence in the development of the 
later architecture of the Med,terranean. 

the book exh bits an extraordinary amount 
of independent personal judgment and obser- 
vation. The author has endeavored to see and 
prove for himself wherever possible, never con- 
tent with merely second hand opinions. The 
greatest and best-known examples of Roman 
architecture are treated in detail, while innum- 
erable lesser buildings are discussed ana ‘wus- 
trated, with especial attention given to those 
containing arches, semi-cycles, vaults and 
domes. ‘The book contains a wealth of care- 
fully analyzed material not to be found else- 
where relating to the development of these 
forms of construction and their relation to the 
materials used by the Roman builders. There 
are more than 350 illustrations, nearly all new, 
comprising a detailed review of the progress 
of Roman construction. Diagrams are accom- 
panied by photographs of an existing example. 
Drawings by artists such as Palladio and Car- 
mina show the ingenuity of the Roman 
builder in construction and experiment and the 
thoroughness with which Renaissance archi- 
tects studied all available remains of the 
Classical Age. 


Methods of Measuring Temperature. 
By Ezer Griffiths, D. Sc., Principal As- 
sistant in the Physics Department of the 
National Physical Labratory. Second 
edition revised. 203 pages, illustrated; 
Philadelphia, J. B. Lippincctt Company, 
1925. 

This volume describes and analyzes the de- 
tails of the methods of measuring tempera- 
tures over a wide range to the fine degree of 
accuracy necessitated by modern _ require- 
ments. The first four chapters comprise near- 
ly half the book. The first is a general account 
of the method of determining the fundamenta! 
scale of temperature. There is outlined, along 
with references to the boiling point of sulphur, 
the calibration of mercurial, gas and resistance 
thermometers covering a total temperature 
range of from 200°C. to 1500°C. The second 
chapter deals with the technique of the cali- 
bration of mercurial -thermometers and the 
third with resistance thermometers and ap- 
proved forms of resistance bridges. -The 
fourth deals with thermocouple thermometers. 
Succeeding chapters relate to the laws of radia- 
tion and to radiation pyrometers. The 
“fourth power” law is reviewed. Following 
this are accounts of types of radiation pyrom- 
eters, then a treatment of radiation from 
oxide and metallic surfaces, the distribution 
of energy in the heat-emission spectrum of a 
“full radiator” and of the metals, the princi- 
ples of optical pyrometry and, finally, the de- 
termination of high-temperature melting 
points. Splendid lists 6f bibliographical refer- 
ences are at the end of each chapter. 

The volume contains a _ great deal of 
analytical discussion, but its strongest appeal 
is to the experimental investigator. 
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The safety factor in the manufacture and use 
of explosives has been developed through 
exacting control and uniformity of product. 







Nearly a century and a quarter of experience 
enables du Pont to render industry a nota- 
ble service in the reduction of blasting 
hazard. 


The quickest means of transmitting : ~ n ey 


intelligence in 1802. “~ 
leet 












Du Pont explosives give better blasting re- 
sults at lower ultimate cost—with safety— 
because of their uniformity, stability and 
dependable action. 








Safe methods of handling high explosives 
are explained in the ‘Blasters’ Handbook”’ 
—a practical and authoritative work now 
being used by instructors and students in 
many of the leading technical institutions 
throughout the country. It will be sent 
free upon request. 
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Radio—the miracle of the 
new day. 






123 YEARS OF LEADERSHIP IN THE SERVICE OF INDUSTRY 
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which has proved effective in discov- 
ering those objects of small horizontal 
extent which have escaped detection 
by the lead line and other sounding 
devices. The apparatus is called the 
wire drag or the wire sweep. It con- 
sists essentially of a small wire cable 
suspended at a certain depth below 
the water surface. It is held in posi- 
tion by weights suspended from 
floats. The wire cable is dragged 
through the water by means of two 
launches working somewhat against 
each other to keep the line taut. 
Whenever a depth of water less than 
the depth to which the wire is placed 
is encountered, an angle is formed in 
the floats supporting the wire, and if 
the obstruction is a wreck, a pinnacle 
rock, coral head or a boulder, natur- 
ally the wire holds and stops the tow- 
ing launches. In such a case, a tem- 
porary float is anchored near the ob- 
struction. A special wire drag of 
short length is then used to detect the 
exact depth of water over the obstruc- 
tion. If the obstruction is in water 
frequented by vessels, a. telegram is 
sent by the field engineer to the Wash- 
ington office of the Survey, the Direc- 
tor of the Lighthouse Service is noti- 
fied and a buoy is placed at the 
obstruction to warn mariners. Notices 
to mariners are sent out through 
newspapers and special publications 
telling of the finding of the new dan- 
ger. i he wire drag was first used by 
the Coast and Geodetic Survey in 
1904 and it is certain that during the 
interval since then many wrecks have 
been prevented by the discovery and 
charting of these isolated obstructions. 

The Coast and Geodetic Survey is 
studying the tidal phenomenon from 
a ‘scientific standpoint, as well as to 
get observations for reducing the 
soundings. For this purpose a num- 
ber of permanent tide gauges have 
been established along our coasts, the 
coasts of Alaska, and in the Philippine 
Islands, in order to determine any 
periodic variation in the position of 
what we call mean sea level, the plane 
to which all elevations used for land 
surveying and for engineering pur- 
poses, are or should be referred. In 
addition, these primary stations fur- 
nish tidal control for surveys carried 
on within the area of which they are 
representative. 

There are currents along our coasts, 
lack of knowledge of which might 
lead to great disasters to ships. Many 
vessels have been stranded on the 
coast in thick weather owing to lack 
of knowledge of the drift of the water 
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or what we call ocean currents. This 
condition is being met by the Coast 
and Geodetic Survey which has a spe- 
cial appropriation from Congress to 
make current observations and pre- 
pare tables of currents, thus making it 
possible to give warning to navigators. 

The magnetic work of the Coast and 
Geodetic Survey has developed to 
meet the needs of the navigator and 
the surveyor. Every vessel of every 
description is equipped with one or 
more compasses and the compass is 
the guide of the navigator when no 
landmarks or heavenly bodies are vis- 
ible. Unfortunately the compass 
needle does not, in general, point true 
north, nor is its direction at any par- 
ticular place constant. In the United 
States, for instance, the compass 
needle points 22° west of true north 
in northeastern Maine and 25° east of 
true north in northwestern Washing- 
ton. In Maine it now points as much 
as 8° more to the west than it did 150 
years ago. It is evident therefore that 
a knowledge of the compass variation 
is indispensable to the navigator. 

To meet these and other needs, the 
Coast and Geodetic Survey has made 
magnetic observations at thousands cf 
places throughout the country and 
some over the adjacent water areas; it 
repeats these observations at intervals 
of about five years at a sufficient num- 
ber of places to determine the change 
of the earth’s magnetism with lapse 
of time; and it operates five magnetic 
observatories, at which a continuous 
photographic record is secured of all 
the fluctuations in the direction and 
intensity of the earth’s magnetic field. 

All of the triangulation, topographic, 

hydrographic, current and base data 
collected in the field are placed on the 
chart, in order that the navigator may 
have complete information, but it is 
frequently the case that aids to navi- 
gation other than the chart must be 
furnished him. For instance, there 
are the lightships stationed along the 
coasts, furnishing the mariner fixed 
points of departure and “landfalls” 
visible at night in making a dangerous 
coast. 

But even with all the information 
furnished the navigator by the Coast 
and Geodetic Survey and the Light- 
house Service, there are unavoidable 
dangers he must face. The accuracy 
of the determination of his position 
becomes uncertain in stormy weather. 
His ship may become unmanageable 
from accident to rudder or propeller, 
or the carrying away of sails and 
masts. In cases of accident the S OS 


TECH ENGINEERING NEWS 


October, 1926 





is responded to by the cutters of the 
Coast Guard Service which are always 
ready when that alarming signal is 
received. 

Thus we have three great Govern- 
ment services, the U. S. Coast and 
Geodetic Survey, the U. S. Lighthouse 
Service, and the U. S. Coast Guard 
Service, all working together in the 
utmost harmony and with great effi- 
ciency to make navigation safer. 

The Coast and Geodetic Survey is 
one of the great surveying and map- 
ping organizations of the U nited 
States. As will be seen from what 
has been stated above, its particular 
duty is to make the charts along the 
coast and to provide the fundamental 
horizontal and vertical control sys- 
tems in the interior of the country 
for the use of others. The topographic 
branch of the U. S. Geological Survey, 
another mapping organization, is 
charged with the duty of extending 
the topographic surveys and mapping 
over the interior of this country and 
of Alaska. 

There are other surveying and 
mapping operations carried on by the 
Federal Government, but they are 
mere incidents to the main objects for 
which the organizations were created. 
Thus we have the surveying and 
charting and mapping done by the 
Mississippi River Commission, and 
the surveying and mapping by the 
Bureau of Soils, the U. S. Forestry 
Service. the Reclamation Service, and 
the Indian Service. 

The Hvdrographic Office of the U. 
S. Navy is charged with the duty of 
reproducing the sailing charts of other 
nations and in making charts of those 
foreign waters which have been sur- 
veyed by vessels of the U. S. Navy. 
Its princival field work is done off the 
coasts of Cuba and Santo Domingo. 

In addition to the work that the 
Coast and Geodetic Survey is doing 
for the making of navigational charts 
to aid the navigator and to establish 
control stations in the interior of our 
country, a certain amount of research 
is undertaken. The principal field 
work connected with this research are 
observations made for the determina- 
tion of the value of gravity and the 
operation of seismological stations. 
At present, there are only five seismo- 
logical stations and these are identical 
with the magnetic observatories, but 
undoubtedly there will be more activ- 
ity during coming years in_ the 
seismological fields since Congress has 

(Continued on page 200) 
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A Willing 
and Indispensable Servant 























3 - og SIFT Y-FIVE YEARS AGOa young inventor named 
Lewy 4 fim, Simon Ingersoll decided to pit his skill and inven- 
tive talents against the crude, laborious methods 
of hand drilling then in use. The result of his 
experiments was the original rock drill. Curiosity 
seekers crowded about at its first demonstration; 
but only a few saw in the tool the first of those applications 
which were later to make air-power a sister force to electricity 
and steam. 


Since that time, hundreds of practical appliances have 
supplanted the original rock drill, and powerful, high-pressure 
machines have made of compressed air a willing and indis- 
pensable servant. 


There is scarcely an industry, nowadays, in which pneu- 
matic devices do not play some part. There is scarcely an 
object of everyday use whose production has not been 
speeded by air-power in some form. 


What was once a laboratory experiment is now an indus- 
trial necessity. It has been the lot of Ingersoll-Rand 
Company to develop this force and to provide its world- 
wide distribution. 


INGERSOLL-RAND COMPANY 


11 Broadway New York City To-day somata ai fp compressors, both stationary 
Offices in principal cities all over the world “i chee onde Ain aeapee 
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almost inconceivably small distance 
yet it is quite simply measured with a 
high degree of precision. 

Perhaps the most striking and gen- 
erally known property of X-radiation 
is its very great generating power in 
materials which are quite opaque to 
ordinary light. This property was 
largely responsible for the discovery 
of X-rays and opened up a large and 
important field of usefulness. It made 
possible the examination, without 
damage, of the interior of a great 
variety of opaque objects and the 
science of radiography, which is a sub- 
ject in itself, resulted. When a beam 
of X-rays passes through a material, 
part of the energy is absorbed and the 
emergent beam has been decreased in 
intensity. The amount of the absorp- 
tion depends upon quality of the 
X-ray beam, the thickness of the ob- 
ject and the nature of the material 
through which it is passing. Thus a 
thick object will absorb more than a 
thin one and a material of high dens- 
ity such as lead or copper, will absorb 
more than aluminum or wood. ‘The 
image obtained, when a beam is passed 
through an object consisting of dif- 
ferent materials or different thicknesses 
of the same material, is really a 
shadow picture of the object in which 
the thick or dense parts are less in- 
tense than the light or thin parts. In 
this way, a very good idea of the in- 
terior construction can be obtained. 
Everyone is familiar with the import- 
ant application of this process in the 
medical field but few realize that 
radiography is now being employed to 
a considerable extent in industrial 
problems in cases of structures of 
metals, wood, insulating materials and 
particularly in the case of metallic 
castings. If it is understood that a 
casting or welded joint or similar arti- 
cle can be ——— and its sound- 
ness, or lack of it, definitely deter- 
mined all without injuring or changing 
the object in any way, the importance 
of the method will be evident. The 
subject of radiography will be consid- 
ered in detail later. 

The human eye is not sensitive to 
X-radiation but fortunately it pos- 
sesses properties which make its pres- 
ence detectable in a simple fashion. 
The first of these properties and the 
one by means of which the radiation 
was first discovered is that of produc- 
ing fluorescence in certain salts. The 
energy of the radiation is absorbed by 
the fluorescing material and is con- 
verted, by a process which we know 
very little about, into energy of a 
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much lower frequency and which is 
visible to the eye. A crystal of one 
of these fluorescent materials exposed 
to X-rays in a darkened room will 
glow in an unmistakable manner and 
with a color which is characteristic of 
its composition. This property is put 
to practical use by making a screen 
of cardboard covered with a thin layer 
of a fluorescent substance and this 
may be used for the visual examina- 
tion of objects by means of X-rays. 
The materials which show the most 
marked fluorescence under the influ- 
ence of X-radiation are, barium plati- 
nocyanide, zinc silicate, and calcium 
tungstate. ‘They must be very care- 
fully and uniformly prepared so that 
the screen will glow with a uniform 
brilliance over its whole surface. 

Another property which is used for 
much the same purposes as the pre- 
ceding is the fact that a photographic 
emulsion is sensitive to the radiation 
in the same way that it is sensitive to 
ordinary light. This makes it possible 
to take photographs by means of X- 
rays and to indicate definitely their 
presence. Since X-rays are not sen- 
sibly refracted by ordinary media, we 
have no lenses and the photographs 
are merely shadow pictures of the pro- 
jection of the objects, but even with 
this limitation the results are quite 
remarkable. The ordinary films and 
plates for photographic work will give 
good results with X-rays but films de- 
signed particularly for X-ray work 
have a heavy emulsion and are often 
coated on both sides. These films are 
quite sensitive and under ordinary 
conditions a picture of the hand for 
instance may be‘taken with an expos- 
ure of less than a second. 

Another property of X-radiation 
which is used for detecting its pres- 
ence is that of rendering a gas con- 
ducting. Ordinarily, a gas is a good 
electrical insulator but when it is ex- 
posed to X-radiation, the energy is 
absorbed by the neutral atoms or 
molecules and they are broken up into 
positive and negative ions which will 
move under an electric field and hence 
conduct a current. This process is 
known as ionization. An ionization 
chamber which makes use of this effect 
for measuring the intensity of X-rays 
consists of a vessel containing two 
carefully insulated electrodes and a 
gas. The electrodes are connected 
to a battery and a very sensitive cur- 
rent indicating device and when X- 
rays are admitted to the space between 
the electrodes, the gas becomes ionized 
and conducting, and the reading of the 
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current indicator is a measure of the 
intensity of the X-ray beam. This 
method is more nearly quantitative 
than the other two but is much more 
complicated and difficult to use. 

It was discovered, early in the 
study of X-ray phenomena, that 
X-rays traveled in straight lines, were 
not deflected in electric or magnetic 
fields, were not reflected by mirrors 
and could not be changed in direction 
by prisms or diffraction gratings. 
With our present knowledge of - 
nature and very short wavelength o 
X-rays, these results would be ex- 
pected. In 1913, it was discovered 
that if the diffraction grating were 
made sufficiently fine, so that its 
dimensions were of the same order as 
the distances between atoms the X- 
rays would be diffracted exactly as 
ordinary light. This discovery, which 
was the direct result of careful plan- 
ning and calculation, may be consid- 
ered as one of the most important of 
modern times for it opened up the 
whole field of crystallography from a 
new point of view and also made pos- 
sible a very powerful method of study- 
ing the details of the X-rays them- 
selves. 

This phenomenon of the diffraction 
of X-rays is so important and far- 
reading that it merits a little discus- 
sion. The atoms of which a material 
is composed, possess the property of 
scattering X-ray. That is, each atom, 
when illuminated by the radiation be- 
comes a secondary source and reradi- 
ates the energy in all directions. This 
scattered radiation from a single atom 
is extremely faint and could not be 
detected by ordinary methods but if 
there are a great number of atoms 
arranged in a regular fashion, the 
energy scattered by these atoms will 
combine in certain directions and i 
these directions the scattered energy 
will be sufficiently intense to detect. 
This may be demonstrated in a very 
simple manner. A beam of X-rays 
defined by small pin holes is allowed 
to fall upon a photographic film and 
after a suitable exposure, the film is 
developed. It will be found that the 
film has one black spot in the center 
which is the same shape as the pin 
hole, indicating that the X-rays travel 
in straight lines. If this: process is 
repeated with a thin crystal of rock 
salt between the pin hole and the film, 
the black spot appears as before, due 
to the radiation which has passed 
through the crystal but around it are 
a number of other much fainter spots 

(Continued on page 192) 
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Fig. 106 
Screwed, Jenkins Stand- 
ard Bronze Globe Valve 





The “Entrance Requirements” 
of a Jenkins Valve 


Before a valve has the right to the 
Jenkins “Diamond” mark, rigid en- 
trance requirements must be passed. 







For one thing, the metals used must 
undergo searching analyses by com- 
petent metallurgists both before and 
after casting. 







Then again, the finished valve before 
it leaves the Jenkins factory, must 
give a satisfactory account of itself in 
a test which allows a wide margin 
of safety. 


There are genuine Jenkins Valves in 
bronze and iron, in standard, medium 
and extra heavy patterns, There are 
types for practically valve 
requirement. 























Send for Booklets 


descriptive of Jenkins Valves for 
the type of building in which 
you may be interested 
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80 White Street, New York, N.Y. 
524 Atlantic Ave., . Boston, Mass. 
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646 Washington Bivd., Chicago, li. 


JENKINS BROS., LIMITED 
Montreal, Canada London, Eng. 
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Our new booklet, “Plan- 
ning a W aterworks 
System,” which covers 
the problem of water for 
the small town, will be 
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is vital 


N connection with a new 
pumping station at Mil- 
waukee, Wisconsin, additional 
feeder mains were required. It 
was necessary that one of these 
should carryan unusually large 
proportion of the water supply, 
and 54-inch pipe was decided 
upon. Although pipe of mate- 
rial other than cast iron had a 
lower first cost, Cast Iron Pipe 
was chosen because the possi- 
bility ofinterruption to service 
hadtobe reducedtoaminimum. 


The photograph above 
shows a section of pipe being 
lowered into the ditch in the 
process of laying it. 


THE CAST IRON PIPE PUBLICITY BUREAU 


Peoples Gas Bldg., Chicago 


















Sent on request 






Send for booklet, “Cast 
Tron ipe for Industrial 
Service,” showing in- 
teresting installations to 
meet special problems 



























































arranged in a symmetrical fashion and 
these are due to the scattered X-rays 
from the regularly arranged atoms of 
the crystal. It is found that this pat- 
tern of spots depends upon the partic- 
ular crystal and upon the orientation 
of the crystal with respect to the 
X-ray beam as would be expected. An 
object which is not crystalline will not 
produce a regular pattern of spots in 
this fashion but will cause only a 
slight fogging over the surface of the 
film in addition to the central spot 
and this brings up the question of the 
difference between crystals and non- 
crystals. 

It has long been believed and since 
the advent of X- ray methods definitely 
proven, that the characteristic of the 
crystalline state of solid aggregation 
is regularity in the arrangement of 
atoms and groups of atoms. As con- 
trasted with this, the amorphous state 
is one of a random or chaotic arrange- 
ment of atoms and there is no observ- 
able regularity. There are many 
types of patterns upon which the 
atoms may be arranged, some very 
simple and others extremely compli- 
cated and many materials have their 
atoms arranged in the same way but 
on a slightly different scale but up to 
the present, no two diflerent sub- 





STANDARD 
INSTRUMENTS 
OF PRECISION sos 





| C.L. Benge! & Sons, Inc. 
| Established 1871 
eS 37 Wiiliams St., Boston, Mass. 


THE 





X-Rays 


(Continued from page 190) 


stances have been found which have 
exactly the same arrangement as re- 
gard both type and size. Aluminum 
and copper for instance have the same 
relative atomic arrangement but the 
atoms of the former are more than 
ten percent farther apart than in the 
latter. 

By making use of this property 
which regularly arranged atoms pos- 
sess of scattering or diffracting X-rays 
in certain directions, it has been pos- 
sible to develop methods for studying 
the arrangement itself. In many 
cases the arrangement has been com- 
pletely worked out but in every case, 
the diffraction effects which the ar- 
rangements produce are characteristic 
of the arrangement and a very excel- 
lent and definite method of identifica- 
tion has resulted. This is a_ very 
interesting and important subject and 
will be considered in detail at a later 
time. ‘This process may also be re- 
versed for the purpose of studying 
the X-radiation itself. If a crystal of 
known atomic arrangement is used 
with radiation of different wave- 
lengths, the diffraction effects will be 
characteristic of the radiation itself 
and this process is used for the study 
of X-ray spectra. It is interesting to 
observe that X-ray spectra are quite 
simple as compared with spectra in the 
visible region. The X-ray spectra of 
all the elements are of the same type 
and obey such simple laws that the 
spectra of the several elements as yet 
undiscovered have been completely 
predicted. 

Much has been said about X-rays 
and their properties and perhaps it 
would be well to indicate how they 
are produced in practice. 

It has been found that when atoms 
of a solid substance are excited by an 
intense bombardment of rapidly mov- 
ing electrops they will emit radiation 
that we call X-rays, and all X-ray 
tubes depend upon this phenomenon 
for their operation. The various types 
which are to be found differ in the 
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method of producing the fast moving 
electron. The type in most common 
use is known as the Coolidge tube and 
is the invention of Dr. W. D. Coolidge, 
M.I.T., 96. It consists of a spherical 
glass bulb with two side arms, evacu- 
ated as completely as possible and 


containing two electrodes. The nega- 
tive electrode a cathode is composed 
of a flat spiral of tungsten wire 
mounted inside of a small metal cup 
and this filament can be heated from 
a storage battery or other low voltage 
source to a high temperature so that 
it will emit electrons in large quan- 
tities. The positive electrode is known 
as the target and consists of a rather 
massive metal block with a surface of 
tungsten or other refractory metal. 
The hot cathode, when charged to a 
high negative potential with respect 
to the target really constitutes an 
electron gun which shoots electrons at 
a small spot on the target and this 
spot becomes the source of X-rays 

The quantity of X-rays produced is 
dependent on the number of electrons 
which strike the target and this may 
be controlled by the temperature of 
the filament as in any thermionic de- 
vice. The other important character- 
istic of the radiation, namely wave- 
length, is dependent upon the speed 
of the electrons as they strike the 
target and this may be controlled by 
the voltage applied to the tube. In 
practice, this voltage varies between 
30,000 and 250,000 volts. -Thus with 
a tube of this sort, the two important 
characteristics of the radiation, quan- 
tity and quality may be controlled 
independently and in a quite simple 
and definite fashion. 

For the operation of such a tube it 
is necessary to have a low voltage 
source of power for heating the fila- 
ment and a high voltage source for 
giving the electrons the necessary 
speed. The filament supply may be 

(Continued on page 194) 
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testing unit of the High Pressure 
Steam Testing Laboratory of the 
Consolidated Safety Valve Company, 
Bridgeport. An actual test is being made 
of one of the drum valves for the 
1200-lb. boiler installed at the 
Weymouth Station of the Edison 
Electric Illuminating Co. of Boston. 
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STANDARDIZED SAFETY VALVES 


| 





For High Pressures 


OWER PLANT engineers are turning to higher 

steam pressure as a means of economy in pro- 
ducing cheaper power. From 300 lIbs., the highest 
pressure generally used a few years ago, has come the 
remarkable advance to 400, then to 600, 700, and 
finally to 1200 Ibs. per square inch. 


Consolidated Safety Valves tested upon the new 
1200-lb. Steam Testing Laboratory of The Consoli- 
dated Safety Valve Co. have been installed, or are 
being furnished, for practically all of the higher pres- 
sure stations such as the following: 

Form DSA Valves for stations carrying approxi- 
mately 400-Ib. pressure as follows: 

The Trenton Chann:<! Station of The 
Detroit Edison Co. 


The Richmond Station of the 
Philadelphia Electric Co. 


The Avon Station of the Cleveland 


Electric Illuminating Co. 


The 14th Street Station of the 
New York Edison Co. 


The Spencer, North Carolina, Station 
of the Southern Power Co. 
Form DSB Valves for stations carrying approxi- 
mately 600-lb. pressure as follows: 
The Philo Station of the Ohio 
Power Co. 


The Crawford Avenue Station of the 
Commonwealth Edison Co. 


The Twin Branch Station of the 
Michisan & Indiana Electric Co. 


The Miami Fort Station of the Columbia 
Power Co. 

Form DSC Valves for the Stanton Power Station 
of the American Gas &% Electric Co., carrying ap- 
proximately 700 Ibs. 

Form DSC Valves for the Weymouth Station of 
the Boston Edison Company, carrying approximate- 
ly 1200 Ibs. 

These installations are the best proof that Con- 
solidated Safety Valves for high pressures have 
passed through the development stage and are being 
furnished to the trade as a standardized product. 


Manning, Maxwell & Moore, Inc. 
100 East 42nd St., New York 


Branches 
Birmingham Chicago Philede'phia Seattle 
Boston Cleveiand Pittsburgh St. Louis 
Buffalo Detroit San Frzncisco Syracuse 


BRIDGEPORT WORKS—CONSOLIDATED SAFETY VALVE CO. 
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or what is perhaps 
purposes, a small 
with a voltage reg- 
The high voltage 
trans- 
former. Many tubes require a uni- 
directional current for their operation 
and this is obtained by a rectifying 
device, usually of a mechanical 
in the transformer output circuit. In 
the case of tubes whose targets are 
cooled, either by water or other means, 
no rectifier is necessary because the 
tube will rectify its own current acting 
on the principle of a kenotron. 

An important point which should 
be constantly kept in mind when using 
X-rays is the physiological effect of the 
radiation on the body. It has been 
proven in many unfortunate instances 
that exposure to X-rays may be ex- 
tremely harmful and in some 
has been directly responsible for the 
death of the operator. The exposure 
not only causes a severe burning of 
the skin but also has its effect upcn 
the interior of the body and it is par- 
ticularly dangerous because the effect 
of an over exposure does not make it- 
self evident for a considerable period. 


a storage battery, 
simpler for many 
A.C. transformer 
ulating device. 

source is usually a step-up A.C. 


sort 
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River and Harbor 


Improvements 


Sea Walls 
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Heavy Masonry 
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It is also supposed that the X-ray 
effect is a cumulative one and for this 
reason a person who is regularly en- 
gaged in X-ray work has to be very 
careful of even small doses which 
would be entirely harmless to an 
occasional visitor. 

To prevent harmful exposure to 
X-rays, it is usual to enclose the X-ray 
tube in a shield of lead or some other 
material which is opaque to X-rays. 
The dangers in this connection and 
the methods of protection are at pres- 
ent quite well understood and there is 
no excuse for mishaps in this connec- 
tion. If such mishaps occur they may 
be usually attributed to carelessness. 

The present paper has outlined in a 
brief way some of the characteristics 
of X-radiation which make possible 
its applications in a practical way to 
scientific and industrial problems. It 
is hoped that this will, in effect, pave 
the way for a more detailed discus- 
sion of some of these more interesting 
and important applications which the 
engineer must consider if he is to 
keep up with the progress of the mod- 
ern scientific world. 
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the money at 6%, at graduation you 
will owe about $4500. If after grad- 
uation your living expenses continu: 
at $1000 a year and the interest of 
your debt is $270 a year, then your 
liabilities, at any time, are, 


L = 4500 + 1270 T 


and the solution of the equation, 


dT = 4500 + 1270 T 


will tell you when your debts will be 


entirely liquidated. From Fernald’s 
data the root of this equation is just 
a little beyond T = 5 years. Hence 


on the average your entire salary, less 
living expenses, has been mortgaged 
for five years after graduation for 
your college education. 

We will consider one other interest- 
ing calculation. Suppose that a class- 
mate of yours at the end of his high 

(Continued on page 198) 
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section, for Outfall Sewer at South Boston, Mass. View 
shows pipe just entering the water and slung so as 
to take the slope going inshore. 
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RAILWAY EXCHANGE 
ST. LOUIS 
Mauran, Russell & Crowell, Architects 
Every Window Above Ground Floor 
Is Wire Glass 


Permanence— Minimum Maintenance 
Fire and Breakage Protection 
were important factors 
considered 


MISSISSIPPI WIRE GLASS CO. 
220 Fifth Avenue 
Chicago New York St. Louis 
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Faster, cleaner sawing 
—the result of improved design 


N the course of their continuous effort to 

keep Brown & Sharpe Cutter design up- 
to-the-minute, the Brown & 
Sharpe engineers offered the 
Saw with Side Chip Clearance 
which is shown at work above. 
It is especially recommended 
for the faster cutting of iron and 


steel. 


The clearance on the sides of 
the teeth behind their cutting 
edge increases the chip capacity Nir spare of the 
of the saw and makes possible ache teen 
coarser feeds at increased speeds without drag- 
ging or clogging. The figure below shows this 
operation. 
There is considerable information about 
Cutters in the New 
No. 30 Small Tool 
Catalog. We will 
gladly send 
a copy at 
your fe- 
quest. 


BROWN & SHARPE MFG. CO. 
PROVIDENCE, R. I., U.S. A. 



















































will have the largest development and 
greatest usefulness in the long rua, 
but not necessarily immediately after 
graduation from college. 

The engineering student is being 
trained for responsible citizenship and 
to a realization that the stability of 
society depends upon men who are 
obedient to law, who are interested in 
the common good, who are tolerant 
of the lawful rights of others and who 
do not allow sentiment and prejudice 
to color their views. He is also being 
impressed with the interdependence 
of human and property rights, the 


WORM DRIVES 
operate smoothly with 


AUBURN THRUSTS 


| The use of Auburn Ball Thrusts with 
their minimum of wear and constant 
thickness insures the least amount of 
backlash, and avoids jerky starting 
and stopping of the worm drive. 








Auburn Thrusts prolong the life of both 
worm and gear and make a smoother 
operating machine. 





Steel, Brass and Bronze Balls 
Ask for Auburn Data Sheets 


AUBURN BALL BEARING CO. 


44 Elizabeth St., (‘B Seade| 
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DISTINCTIVE IN QUALITY 


Made in patterns best suited to every class of work 


Cat. No. 11—Tapes and Rules 
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Engineering and Human Progress 


(Continued from page 165) 


evils of mob control, and the dangers 
lurking in class consciousness. 

Besides training engineers the en- 
gineering colleges of this country 
have been utilizing their staffs and 
equipment to solve new problems of 
value to the public. Engineering 
educators realize that it is impossible 
to develop the creative talents of their 
students unless they are placed in 
contact with teachers and investigators 
who are constantly in search of new 
knowledge. About twenty-five of 
these engineering colleges have re- 
search departments or engineering ex- 
periment stations. ‘The publications 
of these experiment stations include 
over 500 bulletins which contain valu- 
able new engineering knowledge. Re- 
search in the engineering colleges of 
this country should receive greater 
encouragement and better support. 
While the U. S. A. has less than six 
per cent of the world’s population our 
men of genius are credited with more 
than two-thirds of the epoch making 
inventions during the past century. 
Our accomplishments in the future 
will be even greater than those in the 
past if we pay attention to research 
and to the development of engineers 
who can create new knowledge. 

The engineering colleges of the U. 
S. A. have continuously adapted their 
curricula to the changing needs of the 
times and are constantly trying to train 
engineers who have courage to do 
right, ability to think straight, willing- 
ness to work hard, personality to make 
them acceptable to their fellowmen, 
and breadth of vision to utilize the 
new forces which engineering is con- 
stantly creating for the common good. 

This age has been called the “Age 
of the Engineer”. His contributions 
to human welfare have resulted in 
giving the people of the U. S. A. 
among many other advantages one 
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newspaper for every 3 1-2 people, on« 
automobile for every six people, elec- 
tric lights in every other household, 
and gas in every fourth household. 
Through the use of mechanical power 
to the extent of 7 H. P. per capita our 
people possess far greater strength 
and enjoy more luxuries than any 
people in the history of the world. 

It may be well, however, to reflect 
upon the effect of this new strength 
of ours, this new power upon our 
philosophy of life. Are we measur- 
ing individual accomplishments in 
terms of his power over his fellow- 
men: Do we reward mainly ag- 
gressiveness, domination and self-as- 
sertion and neglect loyalty and mod- 
esty? 

We are learning by modern produc- 
tion methods to do things in a big 
way, but we must not substitute 
quantity for quality. Every auto 
manufacturer is striving to turn out 
the greatest number of cars, city 
and school officials are constantly 
striving for the largest student enroll- 
ment. This philosophy has resulted 
in a remark by the late President 
Roosevelt that “We don’t know what 
thoroughness is”. Is it well for us to 
think of everything in terms of size 
rather than quality? 

The engineer should strive to use 
his knowledge and his talents in or- 
der that man may have more and 
cheaper power, better systems of trans- 
portation and of communication, bet- 
ter cities, more practical methods for 
heating and cooling buildings, and 
stronger structures at low cost. The 
wisdom must be his to utilize the new 
forces which he is constantly creating 
for the insurance of true human hap- 
piness and the permanency of our 
civilization. 
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A GLIMPSE INTO YOUR FUTURE 


Mee discerning engineering students are preparing themselves for 

future promotions now by reading The Explosives Engineer, regularly. 
And they are finding that this foresight does not involve arduous effort. 
Anyone wishing to learn more about mining, quarrying and construction 
will derive pleasure as well as profit from the carefully edited, authoritative 
articles and from the many photographs, drawings, paintings, and other 


illustrations. Prove this for yourself by writing for a free sample copy. 


The Explosives Engineer is devoted to the technology of drilling, blasting, 
loading and transportation of coal, ore and stone. It is edited by engineers; 
many of its articles are written by experienced, well-informed operating 
executives. Each issue contains a bibliography of everything published in 


the technical press of the world, relating to drilling and blasting. 


For less than three-cents a month you can supplement your classroom in- 
struction with this wealth of useful information from men who are now 


occupying the jobs to which you will some day aspire. 


Just pin your check or a dollar bill to the coupon. You will then receive 


The Explosives Engineer for the next Three Years. 


THE EXPLOSIVES ENGINEER 


WILMINGTON Published Monthly DELAWARE 


THE EXPLOSIVES ENGINEER, 
941 Delaware Trust Building, 
Wilmington, Delaware 


Enclosed is one dollar for my three years’ subscription to The Explosives Engineer, starting with the current issue. 


Name ie Se aay Cee Ne Se a Says Seema ae os Ree 








Street 


City. i iassind isco iicntinnsaeccuatiiihes Cee ahecieaahaitiniaeien 





Note: For four subscriptions in addition yal ose own, we will send you free four reproductions in full color of W. D. White's oil paint- 
ings of Mexican or Arizona mines and miners. They make corking decorations for an engineer's room. 
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school career could earn $1200 a year, 
which would in the normal course of 
promotion have increased to $1800 in 
four years. Suppose in the next five 
years his salary increased to $2400 
and then due to his limited education 
it required ten years more to reach the 
$3000 mark. Assuming the same liv- 
ing expenses, by the time you had 
paid your college debts he would have 
about $5,400 saved, if he carefully in- 
vested his savings at 6%, but in four 
years more your total savings will have 
become just about equal to his. In 
other words, given two boys of equal 
average ability, one starting work 
after graduating from high school, 
and one borrowing money for a col- 
lege education, thirteen years later the 
boy who went to college will have paid 
his debts with interest, created an 
estate of approximately $13,000 equal 
to that of the boy who went immedi- 
ately to work, and in addition be 
earning a salary almost double. 

To return to Prof. Fernald’s study, 
he found the following distribution of 
graduates in regard to their salaries for 
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Engineering—Legendary Kingdom of Midas 
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the fifth and tenth years after gradua- 
tion. 
Distribution of Graduates 


Salary Range 5th year t1oth year 


$1000-$2000 He, = Sue 

2000- 3000 44% 18% 
3000- 4000 32% 38% 
4000- 5000 6% 1% 
5000- 6000 2% 13% 
6000- 7000 sis 2% 
7000- 8000 oii 7% 
10000-13000 oe 11% 


Why is there a marked increase of 
those earning the very high salaries in 
the tenth year with comparatively few 
earning what might be termed the 
intermediate salary of $6000 to $7000 
a year? Well at best the reason is a 
guess. The author has sought out 
opinions and there seems to be a vari- 
ety of explanations. One is that by 
the tenth year many have married and 
raised families so that they are not in 
a position to gamble on what appear 
to be opportunities. The chances are 
seized by the unmarried ones or those 
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with few dependents and these attain 
the highest salaries. Another explana- 
tion is that by pure hard work, aver- 
age individual effort cannot earn more 
than about $6000 a year, but those 
who have shown exceptional ability in 
one form or another are sought out, 
placed in advisory or executive capaci- 
ties and highly remunerated. Perhaps 
both enter into the case and perhaps 
there is yet another more important 
influence, but these are at least two 
plausible explanations. 

The old saying that the first million 
is the hardest to earn, still holds true, 
for if you are willing to assume the 
author’s equation and have no debts 
at the end of your college career, it 
will take you about thirty-five years, 
at the end of which time you will have 
to be earning at the tremendous rate 
of $160,000 a year! 

It is safe to say that one’s chances 
of becoming a millionaire rest upon 
his cleverness and luck. When Brad- 
street grants you the A-1 degree, you 
may be sure that you did not graduate 
into plutocracy by such wild extrapo- 
lations of your salary curve! 
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SPLICING MATERIALS 


Make Dependable Joints 


OKONITE tape is an unvulcanized rubber compound in 
tape form for insulating cable splices or joints. Joints 
properly made with OKONITE are impervious to mois- 
ture and are as strong as or stronger electrically and 
mechanically than the insulated wire itself. 


MANSON tape is a true friction tape having adhesive 


mercial tape. 


and weathering qualities far superior to any other com- 


DUNDEE “A” is a high quality friction tape excelled 
only by MANSON. 


DUNDEE “B” is a good medium grade friction tape 


at a competitive price. 


Send for booklet “ Splices and Tapes” 


The Okonite Company 
The Okonite-Callender Cable Co., Inc. 


Factories, PASSAIC, N. J. 


Sales Offices : New York, Chicago, Pittsburgh, St. Louis, 
Atlanta, Birmingham, San Francisco, Los Angeles 


Pettingell-Andrews Co., Boston, Mass. 
Novelty Electric Co., Philadelphia Pa. 
F. D. Lawrence Elec. Co., Cincinnati, O. 


Canadian Representatives : Engineering Materials Ltd., Montreal 
uban Representatives: Victor G. MendozaCo. Havana 
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. ° CRANE VALVES . . 


Wedge GateValve 
No. 68-E 


This valve, for high 
pressure superheated 
steam work, is made of 
Crane hard metal, a 
pure copper-tin bronze 
of an average tensile 
strength of 40,000 Ibs, 
per square inch, 





In the age of the pioneers 


The profession for which you are study- 
ing, though concerned with the most 
practical problems, is of the very texture 
of American romance. From Eads bridge 
to the Panama canal, American engi- 
neers have been pioneers, accomplishing 
the apparently impossible. Behind the 
spectacular careers of Eads, Goethals, 
Hammond have been other great Amer- 
icans, research men whose unheralded 
contributions have helped make possible 
the accomplishments of their more 
widely known brothers. 


In the pioneering period of American 
engineering, Crane Co. is proud to have 
borne a share. From 1855, when the 
original Crane brass and bell foundry 
was launched, until the present, Crane 
has led in the development of valves. 
The work of Crane engineers has opened 
the way to hundreds of engineering 
feats which the past could not have 
dreamed. As Crane has served thou- 
sands of engineers before you, it seeks 
to serve you. 


CRANE 


Address all inquiries to Crane Co., Chicago 


GENERAL OFFICES: CRANE BUILDING, 836 S. MICHIGAN AVENUE, CHICAGO 
Branches and Sales Offices in One Hundred and Fifty-five Cities 
National Exhibit Rooms: Chicago, New York, Atlantic City, San Francisco and Montreal 
Work: : Chicago, Bridgeport, Birmingham,Chattanooga,Trenton, Montreal and St Johns, Que. 
CRANE EXPORT CORPORATION: NEW YORK, SAN FRANCISCO, MEXICO CITY, HAVANA 
CRANE LIMITED: CRANE BUILDING, 886 BEAVER HALL SQUARE, MONTREAL 
CRANE-BENNETT, LTD., LONDON 
C® CRANE: PARIS, BRUSSELS 
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Steel Sheets that Resist Rust! 


The destructive enemy of sheet metal is rust. 
It is successfully combated by the use of pro- 
tective coatings, or by scientific alloying to re- 
sist corrosion. Well made steel alloyed with 
Copper gives maximum endurance. Insist upon 


KEYSTONE 


Rust-Resisting 
Copper Steel 


Sheets 





Keystone Copper Steel gives superior service for roof- 
ing, siding, gutters, spouting, culverts, flumes, tanks, and 
all uses to which sheet metal is adapted—above or below 
the ground. Our booklet Facts tells you why. We manu- 
facture American Bessemer, American Open Hearth, 
and Keystone Copper Steel Sheets and Tin Plates. 


Black Sheets for all purposes 
Keystone Copper Steel Sheets 

Apollo Best Bloom Galvanized Sheets 
Apollo-Keystone Galvanized Sheets 
Culvert, Flume, and Tank Stock 
Corrugated Sheets 

Formed Roofing and Siding Products 
Automobile Sheets—all grades 
Electrical Sheets, Special Sheets 
Deep Drawing and Stamping Stock 
Tin and Terne Plates, Black Plate, Etc. 


Our Sheet and Tin Mill Products represent the highest standards of quality, and 
are particularly suited to the requirements of the mining, engineering, and general 
construction fields. Sold by leading metal merchants. Write nearest District Office. 


American Sheet and Tin Plate Company 


General Offices: Frick Building, Pittsburgh, Pa. 
Chicago Cincinnati Denver Detroit New Orleans New York 
Philadelphia Pittsburgh St. Louis 


Pacific Coast Representatives: UNITED STATES STEEL Propucts Co., San Francisco 
os Angeles Portland Seattle 


Export Representatives: UNiTep SraTes STEEL Propucts Co., New York City 
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The Coast and Geodetic Survey 


directed the Coast and Geodetic Sur- 
vey to take up this work, 

Recently, we have reproduced the 
triangulation in California and rerun 
lines of levels there in order to detect 
the movements of the earth. The 
results give promise that this line of 
activity may have great scientific as 
well as practical value. 

The Coast and Geodetic Survey is 
now operating a latitude variation sta- 
tion at Ukiah, California. This is 
one of three latitude variation 
stations in different parts of the 


(Continued from page 188) 


world on approximately the same 
parallel of latitude. We find. from 
the observations made at _ these 
stations that the poles of the earth 
wander around with a maximum of 
approximately 30 feet from the mean 
position. Much has been written on 
the variation of latitude and the re- 
sults of this work are of value to those 
astronomers who must keep accurate 
account of the positions and move- 
ments of the stars. From the varia- 
tion of latitude observations, we are 
also able to derive some of the physi- 











THE DIE THAT PUNCHES ONE HUNDRED AND TWENTY-FIVE HOLES 
IN ONE OPERATION 
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PETER GRAY & SONS, Ine. 


Manufacturers of Sheet Metal Specialties since 1878 


Third and Binney Streets 


Sheet Metal Stampings 











East Cambridge, Mass. 











cal properties of the interior of the 
earth. 

One of the projects of the Wash- 
ington office has been the determina- 
tion of the figure of the earth. The 
data used were geographic positions 
determined by triangulation and |at- 
itudes and longitudes determined by 
observations on the stars. The di- 
mensions of the earth derived from 
the investigations of the Coast and 
Geodetic Survey were adopted at the 
meeting of the International Geodetic 
and Geophysical Union at Madrid, 
Spain, in 1924, as the international 
spheroid. It is believed to be the 
most reliable one now in existence. 

The officials of the U. S. Coast and 
Geodetic Survey have during a cen- 
tury of existence kept in close touch 
with the methods and instruments 
employed by other countries. At 
times we have benefited by what 
they have produced and at other 
times they have adopted our methods 
and instruments as the best available. 

In the instrument line the Coast 
and Geodetic Survey has done some 
notable work. We have the tide 
predicting machine made in that of- 
fice. It is supposed to be the best 
one in existence today. We have the 
precise level designed and made in the 
office of the Coast and Geodetic Sur- 
vey which is now the standard instru- 
ment for this organization, the U. S. 
Geological Survey, and for surveying 
organizations of a number of other 
countries. Other instruments have 
been made or have been adapted from 
foreign designs to meet our special 
needs in particular lines. It may be 
said that the instrumental equipment 
of the Coast and Geodetic Survey 1s 
up to date and of high grade, but we 
are never satisfied with what we have; 
we are always striving to increase the 
efficiency of our instruments in order 
that we may be able to get the requi- 
site degree of accuracy with the 
smallest number of observations and 
in the shortest time. There is always 
a struggle to make increased efficiency 
offset the higher cost of all the ele- 
ments that enter into the operations of 
our organization. 

The life of an engineer in the Coast 
and Geodetic Survey is practically 
that of the explorer, and no one who 
does not have at least in part the 
spirit of the explorer is happy in the 
out of door and rugged life that our 
engineers have to live. It is no place 
for the man who cannot enjoy him- 
self without the attractions of the 
city or the town. 
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For thirty-six years The 
Cutter Company has de- 
voted itself entirely to the 
manufacture of I-T-E Cir- 
cuit Breakers—the world’s 
standard of excellence in 
electrical protective’ appli- 
ances. These products have 
never been sold with the 
thought of benefit to Cutter 
alone, but with the thought 
of benefit to the buyer and 
to the plant using them. 
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JOY IN THE JOB? 


**] oy IN THE Jos” cannot be obtained by just making a sale 
—it must include making a friend as well. 


The policy of the Cutter Company ever since its establish- 
ment in 1888, and of every Cutter representative, is to sell 
only such products as will insure the making of a friend as 
well as a re-sale. oe Sa 


“Joy in the Job”—what a wealth of meaning is conveyed 
by these few words! To the salesman serving the world’s 
industries it means happiness in representing his company 
—pleasure in selling his product—satisfaction in creating a 
new friend. oe: Saget e 


|-T-E Circuit Breakers live up to the Cutter policy. Plants 
and men that have used I-T-E protection for twenty and 
twenty-five years always welcome a Cutter salesman with the 
sincerity and friendship that can only be won through serv- 
ice well performed—through confidence well merited. 


» THE CUTTER COMPANY 


PHILADELPHIA 


When writing to advertisers please mention the Tech Engineering News 
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Ore Concentration by Flotation 


Two of the most noteworthy devel- 
opments in flotation practice in recent 
years are: (1) the Sheridan-Grizwold 
Galena-Sphalerite differential flotation 
process calling for the use of sodium 
or potassium cyanide in an alkaline 
circuit, and (2) the use of sodium and 
potassium xanthates. 

The use of a suitable flotation oil 
and insignificantly small amounts of 
sodium or potassium cyanide and a 
few pounds of sodium carbonate per 
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ton of ore treated permits the flota- 
tion of galena to proceed while the 
sphalerite content of the ore almost 
completely remains in the pulp and is 
floated in a subsequent flotation treat- 
ment by the addition of copper sul- 
phate. 

Xanthates, both sodium and potas- 
sium, are powerful flotation promoting 
agents. A fraction of a pound per 
ton greatly helps the flotation of the 
sulphide minerals. Xanthates, like 
the cyanides in the Sheridan-Grizwold 
process are used in conjunction with 
oils. 

With every advance of the flotation 
process gravity concentration has suf- 
fered. Coarse jigs have been almost 
completely routed and in many in- 
stances table concentration has given 
way to all flotation methods. Some 
of the advantages of an all flotation 
plant are (1) simplicity of construc- 
tion and operation, (2) low first cost 
per ton of ore to be treated, (3) large 
tonnage can be handled on a small 
floor space, (4) complex ores require 
a very fine initial crushing, and if part 
of the mineral must be recovered by 
flotation why not all of it by the same 
process—this makes for simplicity, 
(5) two minerals of the same, or 
nearly the same, specific gravity can- 
not be separated by gravity methods, 
and (6) high recoveries and good 
grade products are attainable by the 
all flotation method. There is, how- 
ever, still wide use for gravity concen- 
trators, particularly of the reciprocat- 
ing table type and rather than discour- 
age their use completely, a more care- 
ful study af the principles involved 
and of their operation should be made. 
The writer believes that the funda- 
mentals of gravity concentration are 
still not fully understood. If this is 


correct, there is room for improve- 
ments. 


Colloid Chemistry: Theoretical and Ap- 
plied. By selected international contrib- 
utors. Collected and edited by Jerome 
Alexander. Vol. 1: Theory and Methods. 
974 pp. Illustrated. New York: The 
Chemical Catalogue Company, 1926. 

This is the latest word on colloid chemistry. 
This first volume is made up of articles by 
some sixty contributors, drawn from many 
countries. Two more volumes are to follow, 
concerning “Biology and Medicine” and 
“Technology.” The first article in this first 
volume is by the editor on “The Submicro- 
scopic Structure of Matter.” A notable arti- 
cle by Friedel, of Strasbourg on “The Meso- 
morphic States of Matter” deals with the 
phenomena described by Lehmann in 1889 as 
“Liquid Crystals.” “Colloid Meteorology” by 
Humphreys deals with atmospheric phenomena 
and studies of frost and ice masses. The many 
other articles in the book make it complete 
as a full report on the present state of this 
branch of physical chemistry. 


Welded Steel Members and joints 
were recently tested at the Carnegie 
Institute of Technology. This was 
one of the most extensive tests ever 
made to determine whether the vari- 
ous types of connections required in 
the frames of buildings can be made 
satisfactorily by arc welding. The re- 
sults were excellent and in every case 
the welds were able to develop the full 
strength of the steel. In three out of 
twenty cases the failure occurred at 
the weld, but even here the ultimate 
load corresponded closely with the full 
strength of the connected parts. The 
elastic behavior was satisfactory in all 
cases. 

Corresponding riveted members 
and connections were tested in order 
to establish a basis of comparison. 
The riveted members gave very satis- 
factory test of strength and elasticity, 
but they were surpassed in strength 
by the competitive welded connections. 
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One of the finest textile mills in the world, built by Wm. T. Reed Co: 
Several repeat orders have been received from this firm. 


building 





WILLIAM T. REED CO. 


Building Construction 


200 DEVONSHIRE STREET, BOSTON 


We are organized and equipped for the 
efficient handling of mercantile and industrial 
construction of all descriptions. 
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HOUSANDS of companies, large and small, in widely 
varied ie of business, and located in all parts of the 


country, 


it better with gas”. 
industrial users of gas are listed below: 


Bethlehem Steel Corp., Dethihem,, Pa. 
Valentine Varnish Co., New York, N. Y. 

International Harvester Co. "Cheeee Tit. 
Cascade China Co., Portland, Oregon 
Lous. ney. Biscuit Co., Long Island 


Genael Electric Co., Pittsfield, Mass., 
West Lynn, Mass., "Fort Wayne, Ind., 
Schenectady, .¥. 

Armour & Company, Chicago, Ill. 

New York Times, New York, N. Y¥. 

Western Pacific R. R. ramento, Cal. 

Reo Motor Car Co., Flint, Mich. 

Textile Chemical Co., Providence, R. I. 

Ward Baking Co., Brooklyn, N. Y 

Continental Motor Corp., Detroit, Mich. 

Crane Company, Chicago, Ill. 

The Great Atlantic & Pacific Tea Co., 
Belleville J. 


now from actual experience that “You can do 


Some of the nationally - known 


Allis Chalmers Co., Milwaukee, Wis. 
Cheek-Neal Coffee Co., Brooklyn, N.Y. 
Baltimore Sun, Baltimore, Md. 

m Lamp Works, Little Ferry, N. J. 
F arated -Warner & Co., Chicago, IIl. 
— & Lomb Optical Co., Roch- 


er, N.Y. 
Sunbeam Chemical Co., Evansville, Ind. 
tty Kake Kone, Atlanta, Ga, 
Yellow =a Manufacturing Co., 


Mestenal Biscuit Co., New York, N.Y. 
blic Ledger, Philadelphia, Pa. 
- * ‘leeacammaaamaaaaas -» Los Angeles, 


Morse Drydock Co., Brooklyn, N. Y. 
Puritan Pie Co., Denver, Colo, 

New Willard Hotel, Washington, jo od 
Bock Bearing Co., Toledo » Ohio 


Stewart-Warner Speedometer Corp., 
cago, 
Pitcairn Varnish Co., Milwaukee, Wis. 
Pusey and Jones, Gloucester, Mass. 
New York Carbon Co., Long Island 
ity, N.Y. 
be 2) Sugar Refinery Co., Edgewater, 


Kansas City Star, Kansas City, Mo. 
Reynolds Spring Co., Jackson, Mich. 
Brooklyn State Hospital, Brooklyn, N.Y. 
Call Publishing Co., San Francisco, Cal. 
Cribben & Sexton Co., Chicago, Ill. 
a Manganese Steel Co., Denver, 


New Process Gear Co., Syracuse, N. Y. 
Oxenburg Brothers, Brooklyn. N.Y. 
Illinois Tool Works, Chicago, Ill. 


These companies use gas because it means economy, better production 
Have you investigated gas for your own use? 


and improved product. 


Write today for our interesting book, “Gas — The Ideal Factory Fuel”. 





( 


‘American Gas Association 
342 Madison Avenue, New York City 


YOU CAN DO IT BETTER WITH 


GAS 
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an inverted air cooled Liberty engine. 

In the light commercial airplane 

class such names as_ Buhl-Verville 

Airster, Pitcairn, Alexander Eaglerock 

and the Ryan and Fairchild mono- 

planes have appeared since last year’s 

race. The trend in this class is to- 

ward more power; a number of manu- 

facturers have more than doubled 
their former value. Within the big 

airplane class the outstanding new- 

comer is the Ford TriMotor machine. 

It has been an outgrowth of the single 

Liberty engined Stout, with the cus- 

tomary changes that are made for the 

three engine installation. Excellent 

vision for the pilot, convenient con- 

, trol installation and a roomy cabin 
are readily noticeable in this machine. 
When flying the English Channel in 
1909 was as much of an acccomplish- 
ment as swimming it is today, such 
airplanes as the Bleriot monoplane 
used a wheel at the tail of the ma- 
chine to hold it off the ground. Later 
the style changed to a skid which has 
been adhered to ever since. The early 
Curtiss pusher type airplanes, famous 
for their exhibition flying, used a 
brake to stop the roll upon landing. 


The National Air Races 


(Continued from page 167) 


It consisted of a shoe made of wood 
which could be pressed against the 
tire; a rather severe duty for the tire 
but a light means of brakeing. The 
return of these devices to airplane 
construction is noticeable. Although 
there was no machine at the races 
which carried a wheel instead of a 
tail skid it is reported that the three 
engined Ford has been successfully 
tested with a wheel at the tail and 
that the Ford light-plane has a wheel 
built into the rudder. A discussion 
among a group of designers at the 
races indicated further development 
would be made on this project. 

The reason that the wheel might re- 
place the skid is in the rapid applica- 
tion of brakes to the main landing gear 
wheels. The Ford machine was 
equipped with a very elaborate hy- 
draulic brakeing mechanism operated 
from the cockpit by means of a long 
lever similar to a gear shift lever in 
an automobile. Major Schroeder, 
pilot of the craft, gave an excellent 
demonstration of taxiing by locking 
either wheel and placing the huge 
monoplane where he desired, then set- 
ting both wheel brakes he opened up 
the engines and held the machine sta- 


tionary on the ground. Modified 
types of the more common automobile 
brakes were installed on two of the 
smaller commercial airplanes. A very 
compact arrangement of brakes and 
hydraulic shock absorbing landing gear 
built into a dural disc wheel was ob- 
served on the inverted air cooled Lib- 
erty pursuit machine. 

A flap gear coupled with the ailer- 
ons on the Fairchild monoplane was a 
low speed landing device new to the 
commercial field this year. The man- 
ufacturer of this machine states that 
the landing speed can be reduced 
about three miles per hour by the use 
of the flaps. Flap gears and _ slots 
have received considerable attention 
in England but at present only a few 
attempts have been made, in the 
United States, along this line. 

Wooden fuselage airplanes are fast 
becoming obsolete; metal construction 
taking the place of wood and plywood. 
The winner of the second speed and 
efficiency race has been rebuilt this 
year into a steel tube fuselage ma- 
chine. One lone “Jenny” of the war- 
time vintage made its appearance but 
remained only a day. 





upon publication. 


look them over. 





TECHNOLOGY BRANCH 


76 Massachusetts Ave., Cambridge, Mass. 


This is the place to which all Technology men instinctively 
turn when seeking technical and scientific books 


We have an arrangement with the three leading publishers of books along 
| these lines to send us copies of all the new books they issue immediately 
The publishers we refer to are John Wiley and Sons 
Co., McGraw-Hill Book Co. and D. Van Nostrand Co. 


Our shelves are always open for your inspection and you are welcome to 







Technology Branch 


HARVARD CO-OPERATIVE SOCIETY 
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Filling the joint with asphalt mastic filler 


WO styles of modern granite blocks—one the standard 5” depth. The other, the 
wider, shallow block, from 314” to 4” deep—ideal for bridges and medium 
traffic generally. Note accurate, smooth finish of wearing surfaces. 


The modern, close, narrow joint, filled with mastic—joint %” to 3%” wide. Such 
joints mean guiet and smoothness in a modern granite block pavement. 


The stress of traffic will not—cannot—‘‘shove’’ a granite block pavement. The 
slight wear of traffic on granite blocks does not manufacture dust or dirt—nor is mud 
formed, for no dust, dirt, or refuse lodges in the smooth, even, sealed, narrow mastic 
joints between the smooth blocks. 


Oil is unnecessary. A modern granite block pavement, with its close, waterproof 
mastic joints, is as smooth, clean, and sanitary as a piece of rock—and as permanent. 


Modern granite block pavements have smoothness, quietness, non-slipperiness, and 
eternal durability. 


The Granite Paving Block Mfrs. Assoc. of the U.S. Inc. 


31 State Street, BOSTON, MASS. 
Representing The World’s Greatest Granite Quarries 
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to consumers for polishing purposes, 
for manufacture of abrasive papers, or 
for refractory articles. The greater 
portion of silicon carbide abrasive is 
converted into grinding wheels. In 
this form it enters into the grinding 
industry, principally shaping and fin- 
ishing softer metals and materials of 
low tensile strength. 

Close on the heels of the silicon car- 
bide production came the artificial 
aluminous abrasive of the Norton 
Company to replace emery and 
corundum which this company had 
been using since 1885. 

Bauxite ore for this abrasive is 
found principally in the state of 
Arkansas. The ore is mined mostly 
from open pits with steam shovels and 





Engineers and contractors know that 
BUFF performance is accurate and sure— 
on all sorts of work, from running 
location lines to giving “neat lines” on 
important bridgework—without having 
to adjust the transit once. 


Write for the BUFF Catalog No. 20M 


Buff & Buff Mfg. Co. 





Jamaica Plain, Mass. 
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Abrasives 


(Continued from page 177) 


tram cars doing the heavy duty. The 
ore is calcined to free it of the chem- 
ically combined water. In this con- 
dition it is crushed, carefully sampled 
and analyzed for the impurities which 
are reduced to metals in the furnace. 
The uniform abrasive averaging 
95.00% Al2Oz is made possible by 
the accurate control of the mixtures 
through chemical analyses. The 
amount of coke to add to reduce the 
Si02, FegO3, TiO. and H2O of the 
bauxite is based on the reaction at 
high temperatures where carbon re- 


duces oxides to the respective metals 


and CO gas. 

The mixture is fused in an arc fur- 
nace which has movable heads, carbon 
lined bottom, and a water cooled shell 
for holding the molten bath. The 
molten bath is highly conductive. It 
receives sufficient heat at a given 
voltage and power input to fuse more 
mixture, to keep the bath molten as 
far out as the water-cooled shell and 
to bring about the necessary chemical 
reactions. The greater part of the 
given voltage drop i is taken up at the 
two arcs between the electrodes and 
the bath. It is at the electrodes 
where the highest temperatures are 
reached and therefore the greatest 
chemical reactions. The reduced 
metals form an alloy and settle to the 
bottom in the form of a large button. 
As more mixture is fed into the fur- 
nace, the electrodes come up with the 
rising molten bath. Finally the fur- 
nace shell is filled with molten mate- 
rial which is allowed to cool, first in 
the water-cooled shell until the chilled 
crust is strong enough to retain the 
molten center without breaking, then 
the whole ingot is removed by crane 
to a cooling floor where it remains 
until it is completely chilled. 

The cooled ingots or pigs are then 
cracked open, broken into small 
lumps, first with hammer and bar and 
then by crushers. The small lumps 
from the crushers are passed on to the 
grain department for final preparation 
into grains for refractories and abra- 
sive wheels. 

It is well to point out that the alum- 
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inous abrasives, as they are now pro- 
duced, are varied in toughness, crys- 
talline structure and chemical purity 
to give desired qualities for the abra- 
sive industry. ‘Lhis is not true of the 
silicon carbide abrasive, which is quite 
uniform in size of crystals and struc- 
ture. No method yet devised can 
change the friable crystals of Sic into 
a tough material. The hardness of 
either aluminous or silicon carbide 
abrasives has not been changed. 

The manufacture of wheels from 
these artificial abrasive grains is an in- 
teresting story in itself but too long 
to be included in this history and 
development of artificial abrasives. 

The present development of the in- 
dustry has to offer complete grades 
and complete combination of grains 
with the following bonds: 

Vitreous or porcelain bond 
Silicate bond Shellac bond and 
Rubber bond Bakelite bond. 
Each of these bonds requires spe- 

cial treatment. Constant study and 
research work are required to produce 
uniform product and to improve on 
the present standards. There is a par- 
ticular field for each grain, grade and 
bond for both the artificial silicon car- 
bide and aluminous abrasive wheels. 
The grinding industry is still young in 
development and it is reasonable to 
state that still greater things are to be 
expected in the way of new bonds and 
better artificial abrasives. 

The development of the grinding 
machines is another story of constant 
and rapid advance. From the early 
types of floor stands, used principally 
for sharpening tools, to the present 
1926 models of precision grinding ma- 
chines which can finish small metal 
parts or large rolls weighing tons is a 
big step taken in a short time. In 
fact, the advance of the abrasive 
wheels and grinding machines has kept 
abreast of the industrial demands. 
We cannot pay a young but increas- 
ingly important industry a better com- 
pliment. The end is not yet in sight 
for the present wonders that are being 
accomplished daily are merely the be- 
ginning of greater things to come. 








SAMSON CORDAGE WORKS 


Trade-Mark Registered U. S. Patent Office 


Made of extra quality cotton yarn, carefully inspected, and guaranteed free from All imperfections of braid or 
finish. The colored spots are our trade-mark, used only with this quality. 
We make braided cord of all sizes, kinds, and colors, for all purposes, including sash cord, clothes lines, trolley 
cord, signal cord, are lamp cord, 


CATALOGUE 


and many svecial cords for special purposes. 


AND SAMPLES GLADLY SENT ON REQUEST 


=“. 88 Broad Street, Boston 9, Mass. | 
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electrical history!” 


—so studious, inquisi- 
tive Joe Legg was told, 
when he displayed a 
strange zigzag image 
covering nearly the 


whole of an_ oscillo- 





graph film to instructors 





J. W. Legg and fellow students at 


Worcester Polytechnic Institute back 
in 1915. 


For Legg had done something that had 
never been done before at Tech. He had 
corralled the picture of a transient phenom- 
enon. Translated, that means he had been 
able to photograph the electrical disturbance 
resulting from the closing and opening of 
a circuit breaker. From that moment the 
story of the modern oscillograph is synony- 
mous with the story of Joseph Willard 
Legg, E. E. ’16. 


Legg’s novel experiment was accom- 
plished by a form of remote control rigged 
up for the college laboratory’s oscillograph. 
Soon the Westinghouse Company ordered 
one of hiscontrols. And it was natural that 
Legg should follow his device to East Pitts- 
burgh the next autumn, after he graduated. 
First in the Research Department, then in 
the Material and Process Department, he 


(4 
‘This picture 
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continued tosolveos- 
cillograph problems. 
The oscillograph 


films the records of 







electric current by @ “What's the future with a large organization?” That is 


means of an appara- 
tus of surpassing 
delicacy. The most 
modern type, for 
instance, has a vi- 
brator strip that is 
55/100,000 of an inch thick 
diameter of a human hair. It contains a 





ly the 


mirror 17/1000 of an inch wide. 


But before Legg began his study, the 
oscillograph, itself, was a clumsy con- 
trivance weighing almost half a ton. He 
proved that a compact oscillograph, 
operated with an incandescent lamp, was 


practicable; first, with a three-element 


model (one that will record the action of 


three phenomena at the same time) weigh- 
ing about 135 pounds. This was in 1917. 
More recently a nine-element oscillograph 
weighing only 100 pounds has been de- 
veloped. And, acme of creative genius, 
Legg has just produced a baby one-ele- 
ment oscillograph, called the OSISO— 
which weighs but 74% pounds! For good 
measure, Legg designed a holder for load- 


Westinghouse 


what college men want to know first of all. The question 
is best answered by the accomplishments of others with similar 
training and like opportunities. This is one of a series of advertise- 
ments portraying the progress at Westinghouse of typical college 
graduates off the campus some five—eight—ten years. 


ing the oscillograph film in daylight, some 
thing that had been fruitlessly tried for years. 

As a result of these advances, power 
companies are saved enormous expense in 
learning vital characteristics of their cir- 
cuits—and in solving problems faced by 
their plants. For instance, by devising a 
way to automatically record chance dis- 
turbances on power lines, Legg has made 
it possible with the OSISO to start 
recording a picture 1/1000 of a second 
after lightning causes a flash. 

And so it goes at Westinghouse with 
many college men— not just one or a 
few—but with hundreds throughout the 
organization. They do their part in ad- 
vancing the electrical industry while they ply 
their profession amid unlimited opportunity 
for creative work. 
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THE MASSACHUSETTS 
INSTITUTE OF TECHNOLOGY 


CAMBRIDGE, MASS. 


Ze 


THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY offers 
Courses, each of four years’ duration, in Civil, Mechanical, Electrical and Aero- 
nautical Engineering; Naval Architecture and Marine Engineering; Mining En- 
gineering and Metallurgy and Geology; Architecture and Architectural Engin- 
eering; Chemistry, Chemical Engineering and Electrochemical Engineering; 
Biology and Public Health and Sanitary and Municipal Engineering; Mathe- 
matics, Physics, General Science and General Engineering: and in Engineering 
Administration. These Courses lead to the degree of Bachelor of Science. 


To be admitted to the first year class applicants must have attained the age 
of seventeen years, and must satisfactorily fulfill entrance requirements in Alge- 
bra, Plane and Solid Geometry, Trigonometry, Physics, Chemistry, English, 
History and French or German and two units of elective subjects. Examina- 
tions are required in all subjects except Chemistry, History and the electives, the 
requirements for which are fulfilled by the presentation of satisfactory certifi- 
cates. A division of these entrance subjects between different examination 
periods is permitted. 


Entrance examinations are held at the Institute in September. In June 
applicants will be examined by the College Entrance Examination Board in 
Boston, New York, Philadelphia, Chicago and many other cities in America 
and Europe. A circular stating times and places is issued in advance by the 
College Board. 


Graduates of colleges and scientific schools of collegiate grade, and in gen- 
eral all applicants presenting satisfactory certificates showing work done at an- 
other college corresponding to at least one year’s work at the Institute, are ad- 
mitted, without examination, to such advanced standing as is warranted by 
their previous training. 


Graduate courses leading to the degrees of Master of Science, Master in 
Architecture, Doctor of Philosophy, Doctor of Science and Doctor of Public 
Health are also offered. Special Research Laboratories of Physical Chemistry, 
Organic Chemistry, Applied Chemistry and Science have been established. 


Correspondence should be addressed to the Institute of Technology. 


PUBLICATIONS 


Catalogue; Bulletins of General Information, Summer Session, and 
Graduate Study and Research; and the Report of the President and the 
Treasurer. 


Any of the above named publications will be mailed free on application. 
For information, address 
ADMISSIONS OFFICE 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE 39, MASS. 
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EAST MEETS WEST 


BETWEEN FLOORS IN JAPAN 


Every day in the Mitsukoshi Depart- 
ment Store of Tokyo Otis Escalators are 
refuting Kipling’s positive statement 
that “Never the twain shall meet.” 


Rather, Otis Escalators emphasize 
that “There is neither East nor West” 
for conveniences of modern civiliza- 
tion and progress. 


The escalator is applicable wherever 
it is necessary or advisable to keep a 
large number of people moving con- 
stantly, rapidly, and without fatigue. 


The chronological and numerical 
record of escalator installations in a few 
typical department stores is an impor- 
tant chapter in merchandising history. 


R. H. Macy & Co., N. Y.—4 iz 1904; 1 in 1911; 2 i2 1922; 18 in 1923. 
BOSTON STORE, CHICAGO—7 iv 1905; 2 in 1912; 10 in 1913; 4 in 1926. 
A. HAMBURGER & SONS, LOS ANGELES—1I in 1908; 7 in 1923. 
T. EATON & Co., LTD., TORONTO—3 in 1913; 2 in 1916; 2 in 1919; 3 in 1924. 
MITSUKOSHI, TOKYO, JAPAN—6 in 1919; 1 in 1920; 4 in 1925. 
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Offices in all Principal Cities of the World 
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With the hemispherical integrator the illuminating engineer measures light 





intensities and distribution. These laboratory findings are practically 
applied to improve our everyday illumination. 


When the sun goes down 


The General Electric 
Company is the world’s 
largest manufacturer of 
incandescent lamps. And 
behind the G-E MAZDA 
lamps are vast research 


laboratories dedicated 
to cheaper and better 
electric illumination, and 
to the conservation of 
eyesight. 


A series of G-E adver- 
tisements showing what 
electricity is doing in 
many fields will be sent 
on request. Ask for 
booklet GEK-1. 





More than 350,000,000 incandescent lamps, with a 
combined light of nine billion candlepower, make 
city streets, stores, and homes brighter than ever 
before. 


In bungalow or mansion, workshop or factory, 
dormitory or auditorium, there is no excuse for 
poor illumination. We have cheaper and better 
lighting in the electric lamp than ever before; for 
the dollar that bought 1,115 candlepower-hours of 


. light with the carbon-filament lamps of 1886, 


now buys 16,200 candlepower-hours of light with 
the MAZDA lamps. 


Not only more light, but correctly applied light, is 
the order of the day. The electric lamp, with its 
flameless yet highly concentrated light source, 
lends itself ideally to reflectors, shades, and screens. 
It is controlled light—safe light. And illumina- 
tion becomes an exact science. 


During college days and in after life, correct light- 
ing must ever be of paramount importance to the 
college man and woman. Good lighting is the 
worthy handmaiden of culture and progress. 


44-51DH 


HENECTADY, YORK 
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